Physical Science:  Unit 5 Matter, Forces, and Motion

Comprehensive Curriculum

Concept Correlation

Unit 5:  Matter, Forces, and Motion
Time Frame:  Regular Schedule – 4 to 5 weeks; Block Schedule – 2 to 2.5 weeks
	Big Picture: (Taken from Unit Description and Student Understanding)
· There is a relationship between matter, motion, and forces.
· Newton’s Laws of Motion can be used when analyzing and graphing motion in terms of speed, velocity, and acceleration.
· The physical science principle of motion can be applied to earth science.

	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

Comprehension

PS 29

Analysis

PS 30

Comprehension

PS 31

Analysis

PS 32

Application

PS 33

Synthesis

PS 34

Application

PS 35

Application

PS 37

Evaluation

SI 16

Comprehension

ESS 16

Analysis

ESS 28

Comprehension

ESS 29

Reflections



	Concept 1:  Forces and Motion
32. Can students describe forces? 

33. Can students differentiate between mass and weight?

34. Can students describe motion as constant, and determine speed, acceleration, and velocity?

35. Can students use Newton’s laws of motion to analyze and describe how things move?

36. Can students describe or model how the net force affects the motion of an object?  
	*Activity 36A/B:  Forces

GQ 32
	SI 5, 7; PS 2, 29, 30
	

	
	*Activity 37:  Mass vs. Weight

GQ 33
	SI 5, 15; PS 1, 2, 29
	

	
	*Activity 38:  Frame of Reference

GQ 34
	SI 7, PS 35
	

	
	*Activity 39:  Motion

GQ 34
	SI 5, 7; PS 1, 33
	

	
	*Activity 40:  Graphing Motion

GQ 34 
	SI 4, 5, 6, 10; PS 2, 31, 32
	

	
	*Activity 41:  Newton’s Laws of Motion

GQ 35, 36
	SI 5, 7; PS 34
	

	
	*Activity 42:  Conservation of Momentum

GQ 35, 36
	SI 6, 7; PS 37
	

	Concept 2:  Applications of Motion
37. Can students relate the application of some of the laws of motion to the order of the solar system?

38. Can students distinguish between the four main forces in nature: gravity, electromagnetic, strong and weak nuclear forces?
	*Activity 43Aor 43B:  Orbital Travel

GQ 37
	SI 4, 5, 7 15; PS 2; ESS 28, 29
	

	
	*Activity 44:  From Dust to System

GQ 38
	SI 7, 11; PS 30; ESS 16
	

	
	*Activity 45:  History of Scientific Understanding of Motion
GQ 38
	SI 6, 11, 16; PS 30
	

	
	*Activity 46:  It’s Gravity

GQ 38
	SI 6, 11, 16; PS 30
	


PHYSICAL SCIENCE MATERIALS LIST

Unit 5 – Matter, Forces & Motion (4-5 weeks) 

Concept 1

Activity 36A: (one per student for this activity) 5 x 7 inch index card, (per group) various objects of different masses (examples: text book, large washers, blocks of wood or metal), spring scales, meter stick, sand paper, aluminum foil 
Activity 37: (per student) 5--5 x 7 inch index cards;(per group) spring scale, balance, plastic baggie, various objects such as small book, rubber band, size c or d battery, large rubber stopper, glue stick, and known mass (note: other appropriate objects can be substituted according to availability in the individual classroom), Mass vs. Weight BLM (one per student), graph paper (one per student), Mass vs. Weight BLM
Activity 38: science learning logs, (for demo) flat-bed cart or wagon, ball 
Activity 39: (per group) small wind-up toy, meter stick, timer, (per student) 3-5 x 7 index cards, various applicable word problems for speed, velocity, and acceleration (if available, digital timers and photogates, graphing calculators and motion detectors, and/or marble, car, or air tracks)

Activity 40: (per group) ramp or straight track, car or rolling vehicle (preferably larger than 4 inches), timer or stopwatch (if available, use digital timers, photogates, and/or motion detectors), various line graphs of motion (see Motion Graphs Example BLM)

Activity 41:  (whole class demo) aluminum pie plate, unbreakable, plastic cup, thick sponge, golf ball, broom, (per group) clear plastic cup, index card, wooden clothespin, ramp, various books to support ramp, toy vehicle, 10 washers, masking tape, meter stick or metric measuring tape, stopwatch or timer, 2 pencils or straws, small plastic soda bottle (clean and empty), vinegar, 5 g baking soda, 200 mL vinegar, cork or stopper, paper towel, (per student) safety goggles, various word problems to calculate force, mass, and acceleration
Activity 42: (per group) five pennies, (whole class) Newton’s Cradle, if available, video clips, a series of illustrations, or a computer simulation of a crash dummy involved in a car accident
Concept 2

Activity 43A: (per group) straw, string, weight, such as a large washer, (per student) safety goggles, two push pins, 6-8 inch length of string, paper, cardboard, planetary orbital charts

Activity 44: science learning logs, 5 x 7 index cards (4 per students)

      Activity 45: various research materials, written text and reference books, trade books, Internet, and appropriate CD ROM’s, DVDs, or videos 

      Activity 46:  Internet and It’s Gravity worksheet

Unit 5 Concept 1:  Forces and Motion

GLEs

*Bolded GLEs must be assessed in this unit

	PS 29
	Differentiate between mass and weight (PS-H-E1) (Comprehension)

	PS 30
	Compare the characteristics and strengths of forces in nature (e.g., gravitational, electrical, magnetic, nuclear) (PS-H-E1) (Analysis)

	PS 31
	Differentiate between speed and velocity (PS-H-E2) (Comprehension)

	PS 32
	Plot and compare line graphs of acceleration and velocity (PS-H-E2) (Analysis)

	PS 33
	Calculate velocity and acceleration using equations (PS-H-E2) (Application)

	PS 34
	Demonstrate Newton’s three laws of motion (e.g., inertia, net force using F = ma, equal and opposite forces) (PS-H-E3) (Synthesis)

	PS 35
	Describe and demonstrate the motion of common objects in terms of the position of the observer (PS-H-E4) (Application)

	PS 37
	Model and explain how momentum is conserved during collisions (PS-H-F2) (Application)

	PS 1
	Measure the physical properties of different forms of matter in metric system units (e.g., length, mass, volume, temperature) (PS-H-A1) (Application)

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


	Purpose/Guiding Questions:

· Describe force
· Differentiate between mass and weight
· Describe motion as a constant, and determine speed, acceleration, and velocity
· Use Newton’s Laws of Motion to analyze and describe how things move
· Describe/model how the net force affects the motion of an object
	Key Concepts/Vocabulary:

· Motion, force, mass, weight, speed
· Acceleration, velocity, momentum
· Frame of reference
· Conservation of Momentum
· Newton’s 3 Laws

	Assessment Ideas:

· Quiz on speed problems
· Lab for Activity 43
Activity-Specific Assessments:

· Activities 39 and 40

	Resources:

· See materials list


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: 36A or 36B, 37, 38, 39, 40, 41, 42
**Optional Activities: None

Activity 36A:  Forces (CC Activity 1)

(SI GLEs: 5, 7; PS GLEs: 2, 29, 30)

Materials List: (one per student for this activity) 5 x 7 inch index card, (per group) various objects of different masses (examples: text book, large washers, blocks of wood or metal), spring scales, meter stick, sand paper, aluminum foil 

Teacher Note:  Activity 1, which investigates forces, and Activity 6, which investigates Newton’s three laws of motion are related in concepts and continuous in student understanding. They may be presented together.

As an introduction to forces and as a formative assessment, students should brainstorm (view literacy strategy descriptions) what they know about forces.  Brainstorming can be used as an effective method to activate prior knowledge and it also helps set a purpose for reading and/or performing an activity.  Write the word “force” on the center of the board or overhead transparency.  Allow students to work in small groups or as a whole class to offer ideas about force.  Make sure that students understand that all ideas are accepted during a brainstorming activity.  Record student responses as a list or a web.  Have students read an appropriate selection of text from the textbook or other source determined by the teacher.  After reading the selection, return to the list created during brainstorming to determine if the recorded responses should be accepted as written, corrected, or deleted as not relevant.

[image: image2.png]


Have students create a vocabulary card (view literacy strategy descriptions) for the term force.  Vocabulary cards help students see the connections between terms, examples of the term, and the critical attributes associated with the term.  Using 5 x 7 inch index cards the term force should be written in the center of the card.  

EXAMPLE OF

A VOCABULARY

CARD

Students should write the definition in the upper left-hand corner of the card.  The characteristics of force should be written on the upper right-hand side; these might come from the brainstorming list created earlier.  One or two of the best examples of force from the brainstorming session should be written on the lower left side of the card.  Finally, an illustration should be included on the lower right-hand side of the card.  

More vocabulary cards will be added to this first card during the unit.  Students should be aware of the necessity to keep up with their cards and to add to their cards, as this is a valuable tool for review for future activities, quizzes, and tests.


As a discovery activity on force and motion, have students observe factors that affect the force applied on an object. Use objects of different masses (any object will work, books, mass weights, large washers, etc.) and spring scales.

 

After dividing the class into two groups, assign Procedure A to one group and Procedure B to the other.

 

Procedure A. Students will measure the mass of the three objects with different masses. The spring scale should be attached and the object should be pulled a distance of 100 cm. The force required should be recorded in newtons (N). This process should be repeated for the remaining two objects, and data should be recorded.

 

Procedure B. Students will attach the spring scale to one object and pull it along a distance of 20 cm. The force in newtons (N) should be recorded. Students will place a piece of sandpaper to the tabletop and the same object should be pulled along the same distance (20 cm) on the sand paper to record the force. Students should repeat the force measurement using the same object, replacing the sandpaper with aluminum foil.

 
Through class discussion, allow groups to determine the relationship between force and the motion of the objects for each procedure. They should recognize that the force needed to move an object along a surface depends on the mass of the object and the type or nature of the surface. 

Activity 36B: Forces  (Teacher-Made for CC Activity 1)

(SI GLEs: 5, 7; PS GLEs: 2, 29, 30)

This is a lab sheet for the combination of procedure A and B described above.  

See Appendix

Activity 37:  Mass vs. Weight (SI GLEs: 5, 15; PS GLEs: 1, 2, 29)

Materials List:  (per student) 5--5 x 7 inch index cards;(per group) spring scale, balance, plastic baggie, various objects such as small book, rubber band, size c or d battery, large rubber stopper, glue stick, and known mass (note: other appropriate objects can be substituted according to availability in the individual classroom), Mass vs. Weight BLM (one per student), graph paper (one per student), Mass vs. Weight BLM
As students often have misconceptions about the nature of gravity and difficulty understanding the difference between mass and weight, begin this activity with a review/discussion of  the role of gravity in determining weight and the difference between mass and weight. Discuss the instruments used to determine weight (scales) and mass (balance), including everyday places where students might have encountered scales such as the post office, grocery store, or doctor’s office and balances such as see-saws, measuring devices, etc. Make sure that students understand that mass is a fixed property of an object, but weight fluctuates due to the force of gravity on the object.  Through direct instruction, review with students the metric unit of force, the newton, as this is often confusing to students.   Students should create vocabulary cards (view literacy strategy descriptions) for the words mass, weight, balance, spring scale, newton, and gram.

Working in groups of 3-4 students, have students measure the mass of several objects using a balance and the weight of the same objects using a spring scale.  Knowing that the Moon has 1/6th the gravity of the Earth, have students calculate the mass and weight of the same objects on the Moon.  See Mass vs. Weight BLM for an example of this student activity.  Students should create a weight vs. mass graph for their data and answer the related questions. NOTE: See Mass vs. Weight BLM with answers for expected student answers.
Activity 38: Frame of Reference (CC Activity 3)  

(SI GLE: 7; PS GLE: 35)

Materials List:  science learning logs, (for demo) flat-bed cart or wagon, ball

Using their science learning logs (view literacy strategy descriptions), have students answer the following question: Does the Sun set or the Earth rise?  After students have written their answers, have them share their ideas with another student. Conduct a class discussion to develop the definition of a frame of reference to be the object or point from which movement is determined. Continue the science learning log/class discussion process by asking the students to identify the frame of reference in the following scenarios: 

1. You are watching a bus move past you at a moderate speed. A car, moving at a greater speed passes the bus. (Earth is the frame of reference for both)

2. Now suppose you are riding in the bus. (The bus is the frame of reference.)  

3. The car’s speed relative to the bus is greater. So the car appears to be moving past you as you look out the window of the bus. (If the car is the frame of reference, the speed of the bus relative to the car is less. So the bus appears to be moving backward.)  

As a class, operationally define motion as a change in position relative to a frame of reference. To check students’ understanding, have them answer the following questions: 

1. Suppose you are standing at your window and see a mail truck at your mailbox delivering mail. You walk away for several moments and return to the window. The mail truck is in front of your neighbor’s house now. How do you know the truck moved? 

2. A satellite is in orbit 210 km above Earth. Another satellite orbiting at 200 km above Earth passes it. Describe the motion of the two satellites using the following frames of reference: (a) Earth (b) the higher satellite (c) the lower satellite. 

3. Suppose that you are sitting in a parked car. Another car passes you at a speed of 50 km/hr. Describe what a passenger in the other car sees. 

Students can observe a demonstration of frame of reference if it is possible to do the following activity:  Using a flat bed cart or wagon (the athletic department may be a source), have one student, seated in the wagon, throw a ball up in the air and catch it while a second student pulls the wagon past a stationary student.  Compare their views of the tossed ball while in the air.
Activity 39: Motion (CC Activity 4)  

(SI GLEs: 5, 7; PS GLEs: 1, 33)

Materials List: (per group) small wind-up toy, meter stick, timer, (per student) 3-5 x 7 index cards, various applicable word problems for speed, velocity, and acceleration (if available, digital timers and photogates, graphing calculators and motion detectors, and/or marble, car, or air tracks)

As an introduction to “motion,” students will operationally define speed. Have the students time small wind up toys as they roll or walk across the table. It is preferable that different groups have different toys. Ask them to compare the speed of the toys. They should determine that to calculate and then compare the speed, they must measure the distance the wind-up toy traveled and the time it took to travel that distance. Provide students with meter sticks or tapes and timers to determine the speed of their toy. Have them conduct three trials and calculate an average speed to compare with other toys.

After this introductory activity, students should complete additional vocabulary cards (view literacy strategy descriptions) for the terms speed, velocity, and acceleration using 5 x 7 index cards.

Following this introductory activity, the teacher should have students conduct additional experiments using inclined planes to further investigate speed, velocity, and acceleration. Teacher note:  if available, technological equipment such as photogates and digital timers, marble, car, or air tracks, and/or graphing calculators and motion detectors can be used to teach these concepts. This type of equipment provides the student the opportunity to record more accurate data and thus have better derived data for conclusion purposes.

In addition, demonstrate and explain the difference between positive and negative acceleration. Provide students with word problems concerning speed, velocity, and acceleration. Through direct instruction, the teacher should model problem solving techniques for each type of problem. To complete the problems, have students not only solve for the unknown variable but also differentiate between speed and velocity by providing a direction when necessary. Use formative assessment to determine the amount of guided practice in problem solving needed. 

Activity 40: Graphing Motion (CC Activity 5)  

(SI GLEs: 4, 5, 6, 10; PS GLEs: 2, 31, 32)

Materials List: (per group) ramp or straight track, car or rolling vehicle (preferably larger than 4 inches), timer or stopwatch (if available, use digital timers, photogates, and/or motion detectors), various line graphs of motion (see Motion Graphs Example BLM)

As a modified anticipation guide (view literacy strategy descriptions), show students a graph of velocity vs. time (see example below)


Anticipation guides are used before reading, or modified to use before conducting an experiment, to interest students and set a stage for the upcoming learning.  The information gathered through anticipation guides can also serve as formative assessment for the teacher to determine the current student understandings of the new topic.  In this anticipation guide, the students are predicting what the graphs will look like for acceleration of a car down a ramp and for a car moving at the same speed on a flat surface. This prediction will be used for closure to the activity, for students to replace incorrect prior concepts with newly learned and corrected ones, or reinforce correct concepts if students’ predictions are correct.

In their science learning logs (view literacy strategy descriptions), have students draw the graph axis (shown above) with labels and then draw their prediction of the graph line for car rolling down an inclined plane or ramp.  Have students draw the graph axis again and draw what they predict the graph would look like for a car going the same speed on a flat surface.  Make sure that students understand that this is a prediction prior to conducting the experiment and that they will return to this information after collecting data and creating a graph using the data from their experiment to determine if their original prediction in the graph was correct.

With groups of 3 to 4 students, have students collect data of a car rolling down an inclined plane or ramp.  Small toy cars may be used, but make sure they are large enough to roll freely down the track in as straight a line as possible.  If available, this activity works much better with digital timers, photogates, and/or motion detectors.  With this type of equipment, student data is generally more precise and accurate and yields better graphs.  If unavailable in the science department, science teachers might check with the mathematics department to see if any equipment is available to borrow.

Set up the ramp and instruct students to not raise or lower the track during the activity. Students should time the car for three separate distances (A, B, C) on the track (they may have to catch the car at predetermined points along the track or table/floor if the track transitions smoothly to the table/floor).  At each distance, students should time the car for three trials and average the time for that distance (A, B, or C).  Students should calculate an overall acceleration of their car down the ramp from start to the last point C.

Students should calculate the velocity of their car at each distance (A, B, C) and create a velocity vs. time graph of their three velocities. (If time allows, have students calculate the velocities of more points, or if ramps are uniform throughout the groups, have different groups use different distances and combine data form more points on the graph).

Students should draw in the best-fit line or curve.  Note: if students are using stopwatches, the data may not show the slight curve due to the acceleration, but a general trend of increased velocity or acceleration should be noted.

Students should choose two points that fall closest to their best-fit line and calculate the slope of the line between those two points. Some review of the calculation of slope may be necessary prior to this analysis. Since slope = ( y/ ( x = ( velocity/ ( time, then it follows that the slope of a velocity vs. time graph must show the acceleration between those two points since acceleration = velocity/time.  Students should analyze their calculated acceleration for their car and compare it to their derived acceleration from their graph.

Students should return to their anticipation guide, the original prediction of the graph of the motion of a car accelerating.  In their science learning logs, have students record the correct graph (the graph utilizing their collected date) and compare the predicted graph with the experimental graph.  Have students write a brief explanation if their prediction was correct or incorrect and why.

As an extension, have students interpret various line graphs of motion to identify the slopes for positive acceleration, negative acceleration, and constant motion. See Motion Graph Examples BLM for two examples of completed graphs with explanations.  Students should be supplied with additional examples or allowed to construct graphs and interpretations of their own.

If graphing calculators and motion detectors are available, an excellent activity for graphing motion can be found at the Texas Instruments educational site, Forensics Case 12: Hit and Run: Using information from an event data recorder to reconstruct an accident This activity can be found online at http://education.ti.com/educationportal/activityexchange/Activity.do?cid=US&aId=6379
Activity 41: Newton’s Laws of Motion (CC Activity 6)

(SI GLEs: 5, 7; PS GLE: 34)

Materials List: (whole class demo) aluminum pie plate, unbreakable, plastic cup, thick sponge, golf ball, broom, (per group) clear plastic cup, index card, wooden clothespin, ramp, various books to support ramp, toy vehicle, 10 washers, masking tape, meter stick or metric measuring tape, stopwatch or timer, 2 pencils or straws, small plastic soda bottle (clean and empty), vinegar, 5 g baking soda, 200 mL vinegar, cork or stopper, paper towel, (per student) safety goggles, various word problems to calculate force, mass, and acceleration

Students should experience Newton’s three laws through inquiry explorations, observations, discussion, and problem solving. 

Give each group of students a clear plastic cup, an index card, and a wooden clothespin.  Instruct the students to place the card on top of the cup and stand the clothespin on its two handles, straight up and down.  Students should take turn flicking the card to see if they can remove the index card while dropping the clothespin into the cup.  After everyone in the group has had a chance to experience Newton’s first law of motion, have students record their observations in their science learning logs (view literacy strategy descriptions) with an explanation of the first law of motion.   Make sure that students understand that the outside force that stops an object in motion on the Earth includes gravity and friction.

For a student investigation of the second law of motion, have student groups set up a ramp using meter sticks and several books. One end of the ramp should be on the books and the other end lined up with a piece of masking tape on the floor. Students should place a toy vehicle at the top of the meter stick and allow it to roll down the ramp, making sure they only release it and don’t push the vehicle. Use an additional meter stick to measure how far the vehicle rolls. Repeat this step for two additional trials and calculate an average distance traveled. Students should add five washers of equal size to the vehicle (tape them on the roof) and repeat the three trials and calculate a second average distance. Have students add five more washers for a total of ten and complete the three trial runs to calculate an average distance traveled. Ask students how increasing mass (adding more washers) affects the force of objects in motion (the distance the vehicle rolls)?  Have students write an explanation for their observations in their science learning logs using Newton’s second law, F = m x a. 

For a demonstration of the third law of motion, place two pencils on a smooth surface on the ground outside about 8 cm apart. The student with the assigned role of vinegar cannon preparer will place 200 mL of vinegar into the dry and empty soda bottle. 

Teacher Note: It is imperative that the baking soda and vinegar used in this experiment are fresh and properly stored before the lab. Weakened vinegar will ruin the effectiveness of the vinegar cannon. If the reaction runs too fast, adding less vinegar can slow the reaction. Also make sure that students have safety goggles for eye protection.

The vinegar cannon preparer will place the 5g of baking soda into a paper towel. When the experiment is ready to be run, the student will proceed to insert the baking soda wrapped in paper towel into the soda bottle. Immediately, the student will cork the mouth of the soda bottle firmly and lay the soda bottle on its side on top of the pencils. The teacher should ensure that the mouth of the vinegar cannon is facing away from the students. Shortly thereafter, a large amount of pressure should be generated in the bottle. As a result, the pressure within the soda bottle will eject the cork forward sending the bottle backwards. Ask students what chemical reaction was taking place in the bottle? Ask students why the cannon was placed on the two pencils? Make sure that students understand that forces come in pairs, and that in the example of the bottle, the gas pushed on the bottle/cork and the bottle/cork pushed back.  The forces were unbalanced and the bottle moves back when the cork flies off.  A common student misconception is that the action-reaction pair is that the action of the gas production created the reaction of the bottle moving backwards.  The pair of forces must be in contact directly with each of the other forces.

Students should identify, label, and calculate balanced and unbalanced forces, net forces, and action-reaction pairs through whole class discussion and individual problem solving. Provide opportunities for students to solve word problems in calculating forces, mass, and acceleration.

After ascertaining student understanding of Newton’s laws of motion, have students create a SPAWN writing (view literacy strategy descriptions).  This may be conducted as a starting activity following completion of the examination of Newton’s Three Laws.  Give students a reasonable amount of time to write.  In this example, the SPAWN is used as a unique way for students to reflect on their learning and also as a way for the teacher to determine if they fully understand the concept.  The letters in SPAWN stand for S - Special Powers; P - Problem Solving; A - Alternative Viewpoints. W - What If?; N – Next. One or more of the conditions may be given as a prompt, as the teacher determines which one accommodates the type of thinking about the content the students should exhibit.  SPAWN writing can be used to anticipate on content to be presented, or as in this case, as a reflection on what has just been learned. SPAWN writings should not be graded as formal writings and students should be given a specific time frame to create them.  Most can be adequately constructed in 10 minutes.
.
Students will write in response to the following Alternative Viewpoints prompt:

Imagine that Newton’s three laws of motion suddenly change and objects no longer follow the “rules” when they move on Earth.  Write a letter to a friend explaining how the motion of objects in your everyday life is now different because of this change.  Allow students to share their responses with a partner or the class while others listen for accuracy and logic.
Activity 42: Conservation of Momentum (CC Activity 7)  

(SI GLEs: 6, 7; PS GLE: 37)

Materials List: (per group) five pennies, (whole class) Newton’s Cradle, if available, video clips, a series of illustrations, or a computer simulation of a crash dummy involved in a car accident

When given five pennies, students should experiment to determine why when four pennies are lined up and the fifth is slid toward the end of the line, only one penny moves from the line. They should repeat this discovery using two pennies slid toward the line of the remaining three pennies. Have students record and describe how the total momentum of the objects before the collision was the same as the total momentum of the objects after the collision. Students should also use diagrams or sketches (models) in their descriptions. Students should show how the pennies follow the Law of Conservation of Momentum; the momentum of a system is constant if there are no external forces acting on the system.  In this case, the system is the line of five pennies and they are motionless until a force from the student is applied.  After the collision of the one penny with the group, the penny on the other side slides off with a force equal to the one placed from the other side.  Therefore, momentum is conserved and is the same for the input as for the output.

If available, a Newton’s Cradle (sometimes referred to as impact balls or collision balls) is an excellent device to demonstrate conservation of momentum. It is a popular toy with metal spheres just touching at rest.  The device can be used to demonstrate highly elastic collisions in which both momentum and kinetic energy are very nearly conserved. Pull one pendulum back and release it. When it strikes the remaining pendula, the last in the row flies off almost as fast as the first one hits the row, while all of the others, including the first, remain nearly at rest. Release two, and two fly off the other end. Release three, and when they strike the remaining two, three fly off, and two remain at rest, etc.

Additional examples could include video clips, a series of illustrations, or a computer simulation of a crash dummy involved in a car accident. The teacher may provide a demonstration of toy cars or carts colliding.  Again have students record and describe how the total momentum of the objects before the collision compared with the momentum after the collision.  Require students to use diagrams or sketches (models) in their descriptions. Allow students to suggest how the scenario of conservation of momentum could be demonstrated using other models in the lab. 

Unit 5 Concept 2:  Applications of Motion

GLEs

*Bolded GLEs must be assessed in this unit

	PS 2
	Gather and organize data in charts, tables, and graphs (PS-H-A1) (Analysis)

	PS 30
	Compare the characteristics and strengths of forces in nature (e.g., gravitational, electrical, magnetic, nuclear) (PS-H-E1) (Analysis)

	SI 16
	Use the following rules of evidence to examine experimental results:

(a) Can an expert's technique or theory be tested, has it been tested, or is it     simply a subjective, conclusive approach that cannot be reasonably assessed for reliability?

(b) Has the technique or theory been subjected to peer review and publication?

(c) What is the known or potential rate of error of the technique or theory when applied?

(d) Were standards and controls applied and maintained?

(e) Has the technique or theory been generally accepted in the scientific community? (SI-H-B5) (SI-H-B1) (SI-H-B4) (Evaluation)

	ESS 16
	Use the nebular hypothesis to explain the formation of a solar system (Comprehension)

	ESS 28
	Identify the relationship between orbital velocity and orbital diameter (ESS-H-D6) (PS-H-E2) (Analysis)

	ESS 29
	Demonstrate the elliptical shape of Earth’s orbit and describe how the point of orbital focus changes during the year (ESS-H-D6) (Comprehension)

	PS 1
	Measure the physical properties of different forms of matter in metric system units (e.g., length, mass, volume, temperature) (PS-H-A1) (Application)

	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 11
	Evaluate selected theories based on supporting scientific evidence (SI-H-B1) (Evaluation)

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


	Purpose/Guiding Questions:

· Relate the application of some of the laws of motion to the order of the solar system
· Distinguish between the four main forces in nature

	Key Concepts/Vocabulary:

· Electromagnetic, gravitational, weak, and strong force
· Orbital velocity

	Assessment Ideas:

· Lab for Orbital Travel
· Report  on History of Motion
	Resources:

· Internet


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: 43A or 43B, 44, 45, 46
**Optional Activities: None

Activity 43A: Orbital Travel (CC Activity 8)  

(SI GLEs: 4, 5, 7, 15; PS GLE: 2; ESS GLEs: 28, 29)

Materials List:  (per group) straw, string, weight, such as a large washer, (per student) safety goggles, two push pins, 6-8 inch length of string, paper, cardboard, planetary orbital charts

Teacher Note:  Safety goggles should be worn as eye protection for this activity. 

Satellite technology affects many areas of our lives today. A satellite’s minimum speed depends upon its distance from Earth. To remain in a stable orbit and not fall back to Earth, the satellite has to move at a specific speed determined by its distance from Earth. The period of a satellite is how long it takes to complete one circuit (called a revolution) around Earth. Students should complete an orbital velocity investigation using a piece of string with a weight tied to one end and the other running through a plastic tube or straw and tied with a large knot (to prevent the string from separating from the straw). 

Standing a safe distance from the other students, the individual should hold on to one end of the string and swing the weight in a circle. The pull of the swinging weight must be countered by the student exerting a force while holding on to the end of the string. Students should measure the radius of the orbital circle created and use this number to determine the diameter and circumference of the circles being outlined by the string and weight. This information should be used to compute the velocity. It may be difficult to do for one orbit, so suggest timing a number of orbits; for example, ten and dividing by ten. Following this, pull the end of the string down shortening the radius of the swing. Again calculate the velocity of the weight as it completes an orbit. Repeat once more making the radius even shorter and graph the results. Students should identify that with the satellites in Earth orbit, the force holding them in place is gravity.

A similar activity about orbital velocity can be found in the Focused Learning Lessons (#22) at http://www.louisianaschools.net/lde/uploads/5613.pdf.  This lesson also includes information in construction of a similar orbital velocity model.

Provide the students with a chart of the planets that includes mean orbital velocity and distance from the Sun in astronomical units. This information can be found at http://solarsystem.nasa.gov/planets/charchart.cfm. (also see the Focused Learning Lesson #22 referenced above).  The difference can be demonstrated by having one student stand in a position to represent the Sun while a second student representing Mercury must complete four revolutions around the Sun before a third student modeling Earth’s motion will complete one revolution in the same amount of time. Have students compare the numbers to find the inverse relationship between velocity and the square root of the orbital radius. Provide the students with the accepted distance to the Moon (384,400 km)

and have them determine the length of time it takes the Moon to complete one orbit.  Instruct students to calculate the orbital velocity of the Moon.

Two of the forces at work in the orbit of the planets around the Sun are gravity and inertia. Every planet not only feels the gravitational pull of the Sun but each planet actually tugs at all the other planets. Students should construct an ellipse using a simple string and pencil apparatus.  An ellipse can be drawn by placing a string, tied in a circle around two tacks (the two foci of the ellipse) pushed through a piece of paper placed on top of a piece of cardboard.  Holding the string taut, trace out the ellipse by moving the pencil just inside the string.  A simple explanation of drawing an ellipse can be found at http://astrosun2.astro.cornell.edu/academics/courses/astro201/ellipse.htm.

Allow students time to explore the measurements seen when a planet is positioned on the ellipse. Discuss how that position changes over the course of one revolution and compare length of years for various planets.  Direct students to use the planetary charts to compare the orbital paths of the planets to each other and note their observations and comparisons. Which are most nearly circular, which are most elongated, and which planets could be paired based on orbital shape?  

Activity 43B: Orbital Travel (Teacher-Made for CC Activity 7)  

(SI GLEs: 4, 5, 7, 15; PS GLE: 2; ESS GLEs: 28, 29)

The student will measure changes in orbital velocity caused by changing the orbital diameter (radius) of a model orbiting body and develop a general statement that describes the relationship between the size of a planet’s orbit and its orbital velocity.  

Activity 44: From Dust to System (CC Activity 9)

(SI GLEs: 7, 11; PS GLE:  30; ESS GLE: 16)

Materials List:  science learning logs, 5 x 7 index cards (4 per students)

Through direct instruction, a comparison of the strengths of the forces in nature (e.g., gravitational, electrical, magnetic, nuclear) should be used to develop an understanding of the nebular theory of the formation of the solar system. 

Have students add the terms gravitational forces, electrical forces, magnetic forces, and nuclear forces to their vocabulary cards (view literacy strategy descriptions).

As gas and dust collected, forming an interstellar cloud, a collapse may have been triggered by increasing density or shockwave. While material was being gravitationally pulled toward the center, the cloud fragmented. Discuss with students why was this fragmentation partially responsible for the difference in size between the inner terrestrial planets and the outer gas giants?  

Spinning objects have a tendency to flatten as reflected in the shape of the planets. The faster a body rotates, the more flattening occurs at the poles. Ask students for examples of objects that move well because of their shape. Students should offer ideas like Frisbees ( or flat stones that skip on the surface of water. 

According to the nebular hypothesis, several stages took place in the evolution of the solar system. Students should prepare a flow chart in their science learning logs (view literacy strategy descriptions) showing the nebular hypothesis of solar system formation. The graphic should list major processes such as angular momentum, gravitational energy, and kinetic energy while also identifying major characteristics such as spinning, heating, and flattening as they occur in the process.

Teacher Note:  See resource list for additional information on nebular hypothesis.

An addition activity about basic forces can be found at http://www.louisianaschools.net/lde/uploads/5601.pdf as a review of the four fundamental forces in nature.  
Additional information about the four basic forces in nature can be found at

http://hyperphysics.phy-astr.gsu.edu/hbase/forces/funfor.html or

http://csep10.phys.utk.edu/astr162/lect/cosmology/forces.html 
Activity 45: History of the Scientific Understanding of Motion (CC Activity 10)

(SI GLEs: 6, 11, 16; PS GLE: 30)

Materials List: various research materials, written text and reference books, trade books, Internet, and appropriate CD ROM’s, DVDs, or videos

The study of motion remains central to scientific inquiry and continues to have an important impact on such diverse fields as astronomy, architecture, engineering, rocketry, automobile design, and many other areas. To increase and strengthen students basic understanding of the current understanding of the forces in nature (gravity, electromagnetism, and the strong and weak nuclear forces), separate them into research groups of three to four students and assign the task of researching the theories of motion of Galileo, Newton, and Einstein. Give each group the outline of Benchmark SI-H-B5, GLE 16 to use as guiding questions in their research of each scientist’s theory. 

16. Use the following rules of evidence to examine experimental results:

(a) Can an expert's technique or theory be tested, has it been tested, or is it simply a subjective, conclusive approach that cannot be reasonably assessed for reliability?

(b) Has the technique or theory been subjected to peer review and publication?

(c) What is the known or potential rate of error of the technique or theory when applied?

(d) Were standards and controls applied and maintained?

(e) Has the technique or theory been generally accepted in the scientific community? (SI-H-B5) (SI-H-B1) (SI-H-B4) 

Encourage student groups to include other scientists who contributed to the theories and also to examine the role mathematics plays in explaining motion. 

If the teacher has access, the Discovery Streaming video Elements of Physics: motion, force, and gravity (found at http://www.lpb.org/education/cyberchannel.cfm) is an excellent source of information that may be shown to the class and discussed.  The Galileo Project (found at http://galileo.rice.edu/) is another excellent resource.  Additionally, student groups may conduct their own search from the Internet or written text, CD ROMs, and videos available in their school library. Findings may be presented orally to the class or through a student-created multimedia presentation as determined by the teacher.

Activity 46: It’s Gravity! (Teacher-Made for CC Activity 9)

(SI GLEs: 6, 11, 16; PS GLE: 30)

Use the United Streaming Video: Black Hole: The Ultimate Abyss (1 hr.). Create questions from video for students. See resources section for link to United Streaming.
Sample Assessments

General Guidelines

Assessment techniques should include use of drawings/illustrations/models, laboratory investigations with reports, laboratory practical (problem-solving and performance-based assessments), group discussion and journaling (reflective assessment), and paper-and-pencil tests (traditional summative assessments). 
· Students should be monitored throughout the work on all activities via teacher observation and lab notebook entries.

· All student-developed products should be evaluated as the unit continues.

· Student investigations should be evaluated with a rubric.

· For some multiple-choice items on written tests, ask students to write a justification for their chosen response.

General Assessments

· The student will use the principles of Newtonian mechanics to describe accurately and predict motion. They will provide examples to demonstrate their understanding of the types of forces, the ways that forces interact, and the expected motion that results from specified forces.

· The student will use qualitative, quantitative, and graphical methods to communicate accurately their understanding of motion and the factors that affect it.

· The student will analyze the slope of velocity vs. time motion graphs to determine acceleration. They will compare with acceleration calculated with the formula and calculate a percent error.

Activity-Specific Assessments

· Activity 39: The student will analyze, interpret, and describe the type of motion represented with each graph when presented with various graphs of motion (position, velocity, and acceleration).

· Activity 40: The student will analyze various motion graphs and provide a written description of the specific motion of the object over time.

· Activity 42:  The student will explain why rockets can accelerate in space where there is little or no matter using the Law of Conservation of Momentum. 

Resources

· Hixon, B. K., Bernoulli’s Book. Salt Lake City: The Wild Goose Company, 1991.
· For a discussion of Newton’s Three laws of Motion:

http://www.sciencemaster.com/jump/physical/newton_law.php
http://www.lerc.nasa.gov/WWW/K-12/airplane/newton.html
http://www.physicsclassroom.com/Class/newtlaws/newtltoc.html
· For extensive activities utilizing Newton’s Three Laws and Rocketry

http://www.grc.nasa.gov/WWW/K-12/TRC/Rockets/RocketActivitiesHome2.html
· For information about orbit speed of planets:

http://solarsystem.nasa.gov/planets/index.cfm
http://liftoff.msfc.nasa.gov/academy/rocket_sci/orbmech/vel_calc.html
· For United Streaming Videos:

http://www.unitedstreaming.com/index.cfm 

· For information and illustrations to explore the nebular hypothesis of the solar system:

http://csep10.phys.utk.edu/astr161/lect/solarsys/nebular.html 

http://www.nineplanets.org/origin.html
Sample Assessment Items

                 Unit 5:  Matter, Forces and Motion

      ____1.  If you ride your bicycle down a straight road for 500 m then turn around and ride back, your distance is ____ your displacement.

                                 A)   Greater than

 B)  Equal to

 


 C)  Less than

 D)  Can’t determine
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Use this graph to answer the following:



____2.
A single point (point A) on a distance-time graph tells the ____.





A)instanateous speed





B)average speed





C)constant speed





D)average velocity



____3.
A horizontal line (line B) on a velocity/time graph shows ____ acceleration.





A)positive





B)negative





C)changing





D)zero







ROLLER COASTER MOTION
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____  4.  Based upon this graph, which of the following accurately describes the roller coater ride?


A)  The roller coaster accelerates during the first 30 seconds of the ride.  It then remains at a constant speed for the next 10 seconds. Finally, it slows to a stop in the last 20 seconds of the ride.  


B)  The roller coaster accelerates during the first 30 seconds of the ride.  It then stops completely for 10 seconds.  Finally, it goes backwards and slows down to the starting point in the last 20 seconds of the ride.


C)  The roller coaster starts at the bottom of a hill.  It climbs at a constant speed to the top of the hill in 30m seconds.  Once at top of the hill, it remains motionless for 10 seconds.  Finally it accelerates down the hill for the final 20 seconds.  


D)  The roller coater starts at the top of the hill.  It accelerates down the hill for 30 seconds.  At the bottom of the hill, it decelerates for the next 10 seconds.  For the last 10 seconds of the ride, it coasts at a constant speed before coming to a stop.  



____5.
If you ride your bike up a hill, then ride down the other side, your acceleration is ____.

A) all positive

B) all negative

C) first positive,then negative

D) first negative,then positive



____6.
A horizontal line on a velocity/time graph shows ____ acceleration.

A) positive

B) negative

C) changing

D) zero



____7.
In the absence of air, a penny and a feather that are dropped from the same height at the same time will ____.

A) fall at different rates

B) fall at the same rates

C) float

D) do not have momentum



____8.        The size of the gravitational force between two objects depends on their ____.

A) frictional forces

B) inertia

C) masses and the distance between them

D) speed and direction



____9.      When a force is exerted on a box, an equal and opposite force is exerted by the box. These    forces are called ____ forces.




   A)
action-reaction




   B)
centripetal




   C)
frictional




   D)
gravitational
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Figure 3-1


____
10.  A ball attached to a string is being swung in a clockwise circular path as shown in Figure 3-1. Assume the string breaks at point A. In which direction will the ball be traveling an instant later?

A) direction A

B) direction  B

C) direction C

D) Direction D

Constructed response



11.
Explain how mass and weight are different from each other.

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


The student will design an experiment that will provide accurate and reasonable data to answer the question, what change in my paper plane design will maximize flight distance?  The experimental design will clearly permit the collection of information that addresses the framing question of the investigation. A rubric will be used to evaluate the experimental design and report.








DISTANCE


(meters)





POINT A





LINE B





Speed


M/S





TIME (SEC)





an action that causes a body to accelerate





can be a push, a pull, or a lift





gravity, electromagnetic, nuclear





�





force





time (sec)





velocity (cm/sec)








Physical Science:  Unit 5 Matter, Forces, and Motion
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