Physics: Unit 3: Motion in Two Dimensions and Periodic Motion

Comprehensive Curriculum

Concept Correlation

Unit 3:  Motion in Two Dimensions and Periodic Motion
Time Frame:  Regular Schedule – 6 weeks; Block Schedule – 3 weeks
	Big Picture: (Taken from Unit Description and Student Understanding)
· The analysis of projectile, circular and harmonic motion and vectors can be used to resolve forces exerted at angles.

· Trigonometric functions are used to calculate and resolve linear and non-linear vectors.


	Guiding Questions
	Activities
The essential activities are denoted by an asterisk.
	GLEs
	DOCUMENTATION                       
Documented GLEs

GLES 

Bloom’s Level

GLES

Date and Method of Assessment

Application

PS 6

Evaluation

PS 8

Application

PS 12

Analysis

PS 14

Synthesis

PS 15

Synthesis

PS 16

Application

PS 17

Synthesis

PS 18

Evaluation

SI 15

Reflections



	Concept 1:  Force Applications
15. Can students distinguish between and give examples of scalar and vector quantities?

16. Can students use triangle trigonometry and scale drawings to resolve vector problems?

17. Can students solve centripetal force and acceleration problems?

21. Can students 

      assign relative 

      strengths to 

      fundamental 

      forces?

	*Activity 12:  Identifying Relative Strengths of Fundamental Forces

GQ 21
	PS 6, 8
	

	
	*Activity 13:  Centripetal Force

GQ 17
	SI 5, 10; PS 7, 13, 15
	

	
	*Activity 14:  Three Forces Acting Concurrently on a Point

GQ 15, 16
	SI 4, 5, 7; PS 12
	

	
	Activity 15:  Newton’s Third Law

GQ  15, 16
	SI 7, 10; PS 5, 14
	

	
	*Activity 16:  Problem-Solving

GQ 15, 16, 17
	SI 5; PS 4, 5, 7, 13, 14
	

	Concept 2:  Motion Applications
16. Can students  

      use triangle 

      trigonometry 

      and scale 

      drawings to 

      resolve vector 

      problems?

18. Can students find horizontal and vertical components of projectiles and use these to find distance, time in the air, and launch angles?

19. Can students analyze the periodic motion of a pendulum and a spring?

20. Can students resolve torque problems using force and torque arms?


	*Activity 17:  Analysis of Projectile Motion

GQ 18


	SI 4, 5, 7, 10; PS 5, 13, 18
	

	
	*Activity 18:  Factors that Affect the Period of a Pendulum

GQ 19


	SI 1, 3, 4, 5, 7, 9, 15;

PS 17
	

	
	*Activity 19: Hooke’s Law and Elastic Constants

GQ 19


	SI 4, 6; PS 17
	

	
	*Activity 20:  Boat Crossing a River

GQ  16


	SI 4, 7, 15; 

PS 5, 13, 14
	

	
	*Activity 21:  Experimental Determination of Torque

GQ 20
	SI 4, 5; PS 4, 16
	


Physics Equipment List

Unit 3 – Motion in Two Dimensions and Periodic Motion

Activity 12 (CC Activity 1) For each group - Poster board, pencil and paper, textbook or other research tools
Activity 13 (CC Activity 4) Can or cup tied to a meter-long string, science learning logs, safety goggles 
Activity 14  (CC Activity 8) For each group - 3 spring scales, string, a protractor, paper for drawing, scissors if string is not pre-cut, ruler, calculator, science learning logs 
Activity 15 (CC Activity 9) For each group - 2 ring stands with clamps, meter stick, 3 spring scales, protractor, a mass, science learning logs 
Activity 16 (CC Activity 10) For each student - Student-generated review problems 
Activity 17 (CC Activity 2) Student-built (from PVC pipes and wood blocks) or purchased spring-loaded or rubber band powered cannon, ping pong balls, protractor, meter stick, safety goggles, set of problems 

Activity 18 (CC Activity 3) For each group - String and bob, stopwatch, ring stand, protractor, soft drink can or paper cup attached to a string, set of pendulum problems

Activity 19 (CC Activity 5) For each group - Safety goggles, Hooke’s Law apparatus (if not available, ruler, stretchy cord or rubber bands), masses, graphing software or graph paper, ring stand with clamp, set of sample problems
Activity 20 (CC Activity 6) For each student group - Meter stick, two battery operated constant velocity cars, a stopwatch, chalk or tape for marking positions, a protractor and a two-meter long piece of heavy paper such as bulletin board paper, Lab Report: River Crossing BLM, set of vector problems 
Activity 21 (CC Activity 7) For each group - Meter stick, triple beam balance, a pivot, two different masses between 200g and 500g and a method of suspending the masses from the meter stick, Lab Report Evaluation Form BLM, safety goggles, set of torque problems
Unit 3 Concept 1:  Forces Applications

GLEs 

*Bolded GLEs must be assessed in this unit

	PS 6
	Explain the role of strong nuclear forces and why they are the strongest of all forces  (Application)

	PS 8
	Compare and calculate electrostatic forces acting within and between atoms to the gravitational forces acting between atoms  (Evaluation)

	PS 12
	Model scalar and vector quantities (PS-H-E2)  (Application)

	PS 14
	Add and resolve vectors graphically and mathematically to determine resultant/equilibrant of concurrent force vectors (PS-H-E3)  (Analysis)

	PS 15
	Calculate centripetal force and acceleration in circular motion (PS-H-E3)  (Synthesis)

	PS 4
	Perform dimensional analysis to verify problem set-up (PS-H-A1)  (Application)

	PS 5
	Use trigonometric functions to make indirect measurements (PS-H-A1)  (Comprehension)

	PS 7
	Relate gravitational force to mass and distance (PS-H-E1)   (Analysis)

	PS 13
	Solve for missing variables in kinematic equations relating to actual situations  (PS-H-E2)  (Synthesis)

	SI 4
	Conduct an investigation that includes multiple trials and record, organize, and display data appropriately (SI-H-A2) (Application)

	SI 5
	Utilize mathematics, organizational tools, and graphing skills to solve problems (SI-H-A3)  (Analysis)

	SI 7
	Choose appropriate models to explain scientific knowledge or experimental results (e.g., objects, mathematical relationships, plans, schemes, examples, role-playing, computer simulations) (SI-H-A4)  (Application)

	SI 10
	Given a description of an experiment, identify appropriate safety measures  (SI-H-A7) (Application)


	Purpose/Guiding Questions:

· Assign relative strengths to fundamental forces
· Distinguish between and give examples of scalar and vector quantities
· Use triangle trig and scale drawings to resolve vector problems
· Solve centripetal force and acceleration problems
	Key Concepts/Vocabulary:

· Fundamental Forces
· Scalar & Vector Quantities
· Triangle Trig
· Vectors
· Centripetal Force
· Acceleration

	Assessment Ideas:

· Graphic Organizer
· Practice Problems
· Lab Reports and Rubrics
· Drawings & Diagrams
· Graphs
· Written Tests
Activity-Specific Assessments:

· Activity 15
	Resources:

· Masses
· String
· Cans or cups
· Calculators
· Spring scales
· Protractor
· Meter stick
· Ring stand
· Graph paper or software
· Problems (textbook or worksheet)


Instructional Activities

Note:  Essential activities are key to the development of student understandings of each concept.  Substituted activities must cover the same GLEs to the same Bloom’s level.

**Essential Activities:  Activities 12, 13, 14, & 16

**Optional Activities:  Activity 15 

Activity 12:  Identifying Relative Strengths of Fundamental Forces (CC Activity 1)

(PS GLEs: 6, 8)

Students explored the four fundamental forces in Unit 2. As an introductory activity to this unit, ask students to work in groups to build a graphic organizer (view literacy strategy descriptions) in the form of a flow chart or concept map that lists the four fundamental forces, their function, and from their function, to deduce their relative strengths.  The chart or map should also include everyday examples of these forces.

Several of the following activities lend themselves to directed reading-thinking activity, DR-TA (view literacy strategy descriptions). DR-TA is an interactive teaching process in which students’ prior knowledge is activated then they are asked to make predictions about the content.  As the content is read, studied, and explored, students are asked to determine whether their predictions can be confirmed or not.  Students make new predictions and search for confirmation throughout the lesson or exploration of the content.  At the beginning of Activities 2, 3, and 4, before giving the reading assignment and before the activity is begun, ask students what they know about the topic. Student ideas and information may be recorded on the board or on paper. Then ask students to predict the outcome of the activity. Once the activity has been completed and the passage in the text has been read, have students confirm or revise their predictions. Discuss at what points students used inductive reasoning and where they used deductive reasoning. 

Activity 13:  Centripetal Force (CC Activity 4)

(SI GLEs: 5, 10; PS GLEs: 7, 13, 15)

Following an overview of the activity, have students identify the safety issues that should be addressed. Discuss the danger of flying objects that could result from students letting go of the containers. If you have concerns about possible flying missiles, have students tie the strings securely to their wrists before spinning.

Centripetal force is a troublesome concept because of its being an inward-directed force. A large majority of students cannot easily conceptualize that the force on an object traveling in a circular path is being pulled inward and would simply obey Newton’s first law and move off in a straight line if the inward force were removed. Again, using the DR-TA (view literacy strategy descriptions) process, discuss students’ prior knowledge and experience with circular motion. Many of them may mention the “outward force” experienced when going around a curve in a car. This is a good example of inductive reasoning convincing them that centripetal force is outward-directed. 

Assemble some soft drink cans or paper cups with holes punched in the sides near the top and strings attached; add water to increase the mass. 
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This is a good place to use split-page notes (view literacy strategy descriptions). Ask students to divide the current page in their science learning log (view literacy strategy descriptions) into a left and right column. In the column on the left, have students draw their three circles, two vertical and one horizontal. (See the sketches above; the left is horizontal and the right is vertical.) Instruct students to go outside and spread out far away from one another and swing the cans vertically and then horizontally and note differences; they will be asked to draw arrows indicating directions of forces and to describe differences observed between horizontal swinging and vertical swinging. Once everyone has completed adequate swinging and observation, assemble the students in a group and ask one student to move far away from the group and remove the container from his/her wrist, swing it in a vertical path and simply let go of the string as the object travels in its circular path. Repeat this a few times with different students. 

Back inside, ask students to complete the drawings and explanations of the forces. Circulate through the room to be sure everyone has an arrow on the string itself and not just on the circular path of the object. Also make sure they have an arrow indicating exactly where the object traveled when the string was let go. Once everyone has identified the forces they think are in action, ask someone who labeled the force on the string as outward to push on the string while another student holds the can. It is immediately apparent that there can be no outward force on the string and that the object was spinning because it was being pulled inward by the hand holding the string. Now students will be open to learning about center-directed forces. After the reading assignment and teacher explanations are complete, students should return to the science learning logs where they did the sketches and labeling of their conception of what and where the forces are. Using the right column of the split-page notes, they may revise their drawings and explain the misconceptions that are now apparent in the original drawings.  The page setup would look like this:

	Study of Centripetal Force



	Student Original Drawings  
	Revised drawing and explanation of misconception


If time permits and the equipment is available, students can conduct a quantitative investigation to develop the equation for centripetal force. Most physics lab manuals describe this activity done with a rubber stopper and washers on a string. This activity should include calculations that confirm the centripetal force equation. Students are familiar with Newton’s second law, F = ma, and they know that the circumference of a circle is C = 2πr. They also know that speed is v = d/t, making v = 2πr/t. Once they think of the time to travel around a circle as being the period of revolution, they should be receptive to examining the centripetal force equation.  Follow-up problems should be assigned.

Once split-page notes are completed, be sure to demonstrate for students how they can study from them by covering one column and using information in the other to try to recall the covered information. Students should also be given time to quiz each other over the content of their notes in preparation for tests and other class activities.

Once students have an understanding of centripetal force, proceed to a study of Newton’s law of universal gravitation.
Activity 14:  Three Forces Acting Concurrently on a Point (CC Activity 8)  

(SI GLEs: 4, 5, 7; PS GLE: 12)

Each student group will need three spring scales that are calibrated to read the same.  This activity is best done by suspending a mass from each one and adjusting the reading. Three pieces of string with a loop on one end and the other three ends tied together will secure the spring scales. (See sketch below.) As two or more students extend the springs and hold them perfectly still, an additional student may record force readings and draw lines along the strings so that the angles may be measured later. Have students conduct two trials using different forces and angles and record all data in their science learning logs (view literacy strategy descriptions).  Once readings are taken, the springs may be removed and the angles measured and recorded. 
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Since the system is in a state of equilibrium as the readings are recorded and the angles drawn, a tip-to-tail drawing should produce a triangle. Unless students are familiar with using scale drawings and trigonometry to solve problems, the teacher should model these before students begin their data analysis. If the first trial is a triangle, there is no need to draw the second trial. Some students may have difficulty with tip-to-tail drawings. If so, the teacher may model, resolving each force into x and y components to find the resultant.
Activity 15:  Newton’s Third Law (CC Activity 9)

(SI GLEs: 7, 10; PS GLEs: 5, 14)

Discuss the laboratory procedure and ask students to identify safety concerns. These should include the importance of stabilizing their set-up and avoiding dropping the weights on their feet. Students will measure force changes at 30o, 60o, 90o and 120o angles. Again using three spring scales that are calibrated to read the same, have students set up the three spring scales by suspending two from a meter stick supported by two ring stands. If the ring stands are placed on two student desks, the spring scales and attached mass can hang freely from the meter stick. Attach the third spring scale to the others, suspend a mass to it, adjust the angle and record the angle and the forces from the scales.
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Repeat for three other angles. Students should record all data in their science learning logs (view literacy strategy descriptions) and may use the data collected to calculate the vector sum of two forces acting on a point; students should draw free body diagrams showing equal and opposite force pairs and use the downward force as the accepted value for percent error calculations. Students should use both graphical analysis (to-scale models) and trig calculations to analyze their results. 
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Activity 16:  Problem Solving (CC Activity 10)

(SI GLE: 5; PS GLEs: 4, 5, 7, 13, 14) 

Ask students to generate a list of problem types and accompanying equations they have used throughout the unit. Students should then select (from their textbook or some other source) a set of representative problems to practice in preparation for a summative assessment in the form of a paper-and-pencil test. Remind students to show all work using dimensional analysis and to round final answers to the correct number of significant digits. Confirm that they choose one of each kind, including Newton’s law of universal gravitation that quantifies the relationship among force, mass, and distance. Students may form groups to evaluate each others’ completed work.  In addition, have each group demonstrate one problem solution to the entire class.
Unit 3 Concept 2:  Motion Applications

GLEs 
*Bolded GLEs must be assessed in this unit

	PS 16
	Analyze circular motion to solve problems relating to angular velocity, acceleration, momentum, and torque (PS-H-E3)  (Synthesis)

	PS 17
	Analyze simple harmonic motion (PS-H-E3)  (Application)

	PS 18
	Demonstrate the independence of perpendicular components in projectile motion and predict the optimum angles and velocities of projectiles (PS-H-E3)  (Synthesis)

	SI 15
	Analyze the conclusion from an investigation by using data to determine its validity (SI-H-B4)  (Evaluation)

	PS 4
	Perform dimensional analysis to verify problem set-up (PS-H-A1)  (Application)

	PS 5
	Use trigonometric functions to make indirect measurements (PS-H-A1)  (Comprehension)

	PS 13
	Solve for missing variables in kinematic equations relating to actual situations  (PS-H-E2)  (Synthesis)

	PS 14
	Add and resolve vectors graphically and mathematically to determine resultant/equilibrant of concurrent force vectors (PS-H-E3)  (Analysis)

	PS 15
	Calculate centripetal force and acceleration in circular motion (PS-H-E3)  (Synthesis)

	SI 1
	Write a testable question or hypothesis when given a topic (SI-H-A1)  (Synthesis)

	SI 3
	Plan and record step-by-step procedures for a valid investigation, select equipment and materials, and identify variables and controls (SI-H-A2)  (Analysis)

	SI 4
	Conduct an investigation that includes multiple trials and record, organize, and display data appropriately (SI-H-A2)  (Application)

	SI 5
	Utilize mathematics, organizational tools, and graphing skills to solve problems (SI-H-A3)  (Analysis)

	SI 6
	Use technology when appropriate to enhance laboratory investigations and presentations of findings (SI-H-A3)  (Comprehension)

	SI 7
	Choose appropriate models to explain scientific knowledge or experimental results (e.g., objects, mathematical relationships, plans, schemes, examples, role-playing, computer simulations) (SI-H-A4)  (Application)

	SI 9
	Write and defend a conclusion based on logical analysis of experimental data  (SI-H-A6) (SI-H-A2)  (Evaluation)

	SI 10
	Given a description of an experiment, identify appropriate safety measures  (SI-H-A7)  (Application)


	Purpose/Guiding Questions:

· Find horizontal and vertical components of projectiles and use these to find distance, time in the air, and launch angles
· Analyze periodic motion of a pendulum and a spring
· Resolve torque problems using force and torque arms
	Key Concepts/Vocabulary:

· Horizontal and Vertical Motion
· Projectiles
· Periodic Motion & Pendulums
· Simple Harmonic Motion
· Torque
· Angular Momentum

	Assessment Ideas:

· Self and Peer-Evaluations
· Practice Problems
· Lab Reports and Rubrics
· Graphs
· Written Tests
Activity-Specific Assessments:

· Activities 20 & 21
	Resources:

· Projectile apparatus
· Ping pong balls & launcher
· Problems (textbook or worksheet)
· Pendulum & stand
· Spring scale
· Masses
· Meter stick
· Rubber bands
· Graph paper or software
· Calculators
· Battery operated toy
· Timer or stopwatch
· Chalk or tape to mark
· Protractor
· Heavy paper
· Balance
· Fulcrums
· BLMs


Instructional Activities

Note:  Essential activities are key to the development of student understandings of each concept.  Substituted activities must cover the same GLEs to the same Bloom’s level.

**Essential Activities:  All

**Optional Activities:  None

Activity 17:  Analysis of Projectile Motion  (CC Activity 2)

(SI GLEs: 4, 5, 7, 10; PS GLEs: 5, 13, 18)

Prior to starting the investigation, have students identify and address appropriate safety measures. 

Using the DR-TA (view literacy strategy descriptions) process, help students generate a list of prior experiences or studies that are related to projectile motion. 

In this activity, students will fire a spring-loaded or rubber band powered cannon that shoots ping-pong balls and has adjustable angles. This cannon may be built from PVC pipes and blocks of wood, or a projectile launcher with adjustable angles may be purchased from a science supply company. 

First, have students position the cannon on a desktop and fire horizontally until they get consistent results. Then they can measure the height of the desk from the floor, y, and the horizontal displacement, x. They may then calculate time in the air using y = 
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. Second, ask students to make predictions in their lab notebooks regarding how the changing the angle of launch will affect the distance the projectile will travel. Then have students fire the cannon at three different angles, 25o, 45o and 65o. Again they will need to fire several times until they get consistent displacement of the ball at each angle. Have students measure the distance traveled by the ball at each angle. Assuming that the muzzle speed of the ball is constant, students may now calculate total time in the air and vertical height to which the ball rose. Continuing the DR-TA process, be sure students compare their results with the literature results; it is a common misconception that a greater angle should result in a greater distance and students may try to make this happen, particularly if that was their prediction. Once this activity is completed, provide guided practice in solving horizontal and angular projectile problems. Individual practice in problem solving should also be assigned.
Activity 18:  Factors that Affect the Period of a Pendulum (CC Activity 3)  

(SI GLEs: 1, 3, 4, 5, 7, 9, 15; PS: 17)

During this activity, students will study simple harmonic motion. Discuss with students what they know about the function of a pendulum and what factors they believe might affect the period of a pendulum. Again, using the DR-TA (view literacy strategy descriptions) process, ask students to write a hypothesis regarding at least one of these factors. Challenge students to design an investigation to test the hypothesis. Guide them toward testing the length of the pendulum, the mass of the pendulum, and/or the angle at which the pendulum is released. An empty soft drink can or paper cup attached to a string makes an excellent pendulum bob; variable amounts of water may be added to change the mass of the container. If available, washers on a string also make an inexpensive and easy to assemble pendulum. Either of these may be suspended from a ring stand.  Students should ask the teacher to check the experimental design before beginning the experiment.

Ask students to design a data table for recording their selected independent and dependent variables. Remind them that they must test only one independent variable at a time.  Better results are obtained if the time is recorded for three complete swings of the pendulum and the time is divided by three; it is also advisable to do multiple trials for the first few experimental setups, since students may have trouble with the stopwatches. They can eliminate extreme high and low values. Ask students to evaluate their times to determine which variables affected the period of the pendulum and to be sure to defend their conclusions based on their experimental data. 

Next, give the reading assignment and introduce the pendulum equation. Continuing the DR-TA process, ask students to go back to their hypothesis and data to determine whether or not their results are confirmed by the literature. Have them use data involving variable lengths to calculate acceleration due to gravity. Some additional pendulum problems should be assigned.
Activity 19:  Hooke’s Law and Elastic Constants (CC Activity 5)

(SI GLEs: 4, 6; PS GLE: 17)

Hooke’s Law lends itself well to demonstrate not only simple harmonic motion but also to demonstrate how proportionality constants are derived. It also can be used to point out to students the elastic limits of laboratory equipment, such as spring scales, that quickly loose their precision if their elastic limit is exceeded. 
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If Hooke’s Law apparatus is available, have students assemble and record elongation versus force for at least four different masses. If the apparatus is not available, students should use rulers and rubber bands, elastic tie cords or any bungee-type elastic. Instruct students to attach their elastic material to a stationary object such as a ring stand with a clamp use a ruler or meter stick to measure expansion when four different masses are attached to the bottom end of the elastic. The magnitude of the masses will need to be adjusted to produce measurable expansion and will vary with the nature of the elastic material. Ask students to use the collected data to plot an elongation versus force graph and to calculate the elastic constant using F = k∆L where F = force in Newtons, k is the proportionality constant and ∆L is change in length measured in meters. If available, have students use a graphing software program to generate the graph.  As with all activities, sample problems should be given to reinforce the math concepts involved.

Activity 20:  Boat Crossing a River (CC Activity 6)

(SI GLEs: 4, 7, 15; PS GLEs: 5, 13, 14)

This activity allows students to work with a model of a boat crossing a river. They will be able to observe how the flow of the “river” changes the course of the “boat”. They will also gain experience with using similar triangles to solve vector problems. Working in groups of three or four, students should observe and record the path of a boat moving across a flowing river. In the second part of the activity, they also need to assume the role of ferry driver and attempt to aim the boat at an angle that will allow it to come ashore perpendicular to the starting point. Students should refer to their Lab Report: River Crossing rubric as they work, so that they include all required components.

Boat Crossing a River

river bank







(large sheet of heavy paper

cart to pull paper 


representing a flowing river)



string








(cart representing








   a boat)

river bank

Students should first find the velocity of each car. Instruct students to first set one car on the paper and attach the other to the front center of the paper to record the velocity of the river. They will need to mark with chalk or tape the starting and stopping positions. To find the velocity of the boat, students should run the second car across the paper perpendicular to the edge representing the riverbank. Now the students should line up the boat perpendicular to the river and send it straight across as the river flows, recording the time and distance downstream the boat comes ashore. It requires coordination of effort; therefore, several trials may be necessary. 

Second, have students predict at what angle the boat should be released in order for it come ashore directly across from its origin. Most students will select the same angle the boat took in the moving river, as this is a common misconception. If they are careful in the data collecting, they should find that indeed the angles are not the same. Also, if any group selected the faster car as the river, it will be impossible to get the boat to come ashore directly across from its origin. This provides an opportunity to discuss fast moving streams and the power of flood waters. Once data is collected, students may construct similar triangles for time, displacement, and velocity and calculate missing sides. Additional vector problems of forces at right angles and the use of similar triangles to solve vectors should be assigned. 

 

Activity 21:  Experimental Determination of Torque (CC Activity 7)

(SI GLEs: 4, 5; PS GLEs: 4, 16)

This activity allows student to study forces that are applied to lever arms to produce the rotational motion known as torque. They will also review the concept of center of gravity. Ask students to refer to their Lab Report Evaluation Form as they work through the activity; this will assure they are addressing all required elements of the lab. Instruct students to find the center of gravity of a meter stick by balancing it on the pivot, adjusting it until it is parallel to the horizontal. Ask them to find the mass and convert it to newtons. Students need to set the meter stick off center and attach a weight to the short side, adjusting it until the meter stick is once more in a state of equilibrium. 
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They should draw a sketch and label the setup including the location of the pivot, the center of gravity of the meter stick, and the placement of the suspended masses. Once again setting the meter stick off center, have them attach a mass to each side and adjust it until the meter stick is parallel. Instruct them to sketch and label this setup. The collected data may be used to calculate torque. Students may need to be reminded that torque arms are measured from the pivot. They will observe that a longer torque arm produces a greater rotation if masses are equal. Multiplying the mass (converted to newtons) x the torque arm (measured in meters) gives the unit of newton-meter. Guide students to link this to the fulcrum and lever, a simple machine they have studied in previous courses. They should also relate torque to other everyday applications such as jack handles, hydraulic pumps, and the action of pistons used to turn wheels. Assign additional torque problems for guided and individual practice after completing this activity.
Optional Teacher-Made Activities (See Appendix)


•”Research Paper:  pre-20th Century” – (Evaluation) GLE SI 2, 8, 11, 13, 16


 Students are assigned a pre-20th Century  topic to research


•”Equilibrants” – (Analysis) GLE SI 9 & PS 12, 14


 Determining the resultant/equilibrant of concurrent forces using force tables


•”Friction/Inclined Planes” – (Synthesis) GLE SI 4-5 & PS 12-13


 Investigating the nature of friction; vector resolution of forces


•”Centripetal Force” – (Synthesis) GLE SI 4-5 & PS 13, 15


  Investigating relationships between mass, velocity, and centripetal force 

Sample Assessments

General Guidelines 

Assessment techniques should include the use of scale drawings, models, sketches of lab set-ups, laboratory investigations with reports for which students have been given the grading rubric in advance, performance-based assessments including projects and oral and written research reports, reflective assessment including group discussion and analysis of laboratory work, and traditional summative assessments including paper-and-pencil quizzes and tests. Assessments could include the following:

· Students should be monitored during activities and the teacher should make note of pertinent observations. This may be done in the form of journaling or an observation rubric.

· All student-generated work should be evaluated.

· Use a rubric to assess student proficiency in all laboratory techniques and skills including social/group skills.

· A format for writing laboratory reports should be provided by the teacher. Students should write reports including analysis of the significance of the activity as it relates to the concept being studied.

· When appropriate, students should be given the opportunity to help develop grading rubrics.

· For multiple-choice items on written tests, allow student to justify their responses. This may identify poorly written test items as well as student misconceptions.

· Students should be given opportunities to evaluate their own work and progress through journaling and/or as part of their laboratory reports.

General Assessments

· The student will distinguish between and give examples of scalar and vector quantities.

· The student will use triangle trigonometry and scale drawings to resolve vector problems.

· The student will solve problems involving centripetal force and acceleration, torque problems using force and torque arms, and use of horizontal and vertical components of projectiles to calculate distance, time and launch angle.

· The student will analyze the periodic motion of a pendulum and a spring.

Resources

· The Physics Classroom - Unit Three explores vectors and vector addition, including a boat crossing a river.

      www.physicsclassroom.com 

· NSTA SciLinks - Vectors-Motion and Forces in Two Dimensions explains vectors and presents visual diagrams of them. Things that Spin illustrates how the motion of various objects are different.
 www.scilinks.org
· Resources for projectile motion:  http://www.msu.edu/~brechtjo/physics/cannon/cannon.html  


Name/School_________________________________            Grade_______________________


Feedback Form
This form should be filled out as the unit is being taught and turned in to your teacher coach upon completion.
	Concern and/or Activity Number
	Changes needed*
	Justification for changes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.).
Assessment


This activity involves procedures that cannot be evaluated effectively by a generic rubric. For example, it requires a discussion of Newton’s third law of equal and opposite force pairs as an introduction. Additionally, it requires both mathematical and graphical analysis of the data. This provides an excellent opportunity for students to generate a rubric. Pull up an Internet site that assists in rubric generation and work through it based on student input. 





Assessment


Since this activity requires sketches of the lab set-up, math calculations of similar triangles, analysis of results and a discussion of real world applications, it requires a rubric that is custom designed. Because students should be involved in the assessment process including rubric development, demonstrate the building of a rubric that contains the elements to be evaluated. A possible rubric is included as Lab Report: River Crossing BLM.





Assessment


An appropriate rubric should be used to evaluate the torque activity. A rubric appropriate for the torque activity Lab Report Evaluation Form BLM. It includes a component that allows the students to evaluate their own performance. 
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