SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Science  8 Grade                            

	Recommended  Days of Instruction:  2
	(one day equals 55 min)

	Standard(s) addressed:  8-5 Force and Motion

	The student will demonstrate an understanding of technological design and scientific inquiry, including process skills, mathematical thinking, controlled investigative design and analysis, and problem solving. 

	Force and Motion

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-5.4 Predict how varying the amount of force or mass will affect the motion of an object.

	SC Science Standards Support Guide

https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
Mr. Mont’s Teacher’s Lounge: Crash Test Simulator

http://www.mrmont.com/games/crashtest.html
An interactive site that allows students to alter the results of the crash simulation by changing the

speed and the mass of the vehicle.


	See Module 8-5.4

Teaching the lesson 8-5.4A Force and Motion – “Mass, Force and Direction”
Teaching Lesson 8-5.4B Force and Motion - “Mass, Force and Motion”  
Teaching Lesson 8-5.4C Force and Motion - “Mass and Speed”  
Teaching Lesson 8-5.4D Force and Motion - “Force and Speed”  

	From the SC Science Support Document:
The objective of this indicator is to predict how varying the amount of force or mass will affect the motion of an object; therefore, the primary focus of assessment should be to infer from the presented material how the amount of force or mass would affect the motion of an object in terms of change in speed and/or direction.  



	Module 8-5.4 Continued

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-5.4 Predict how varying the amount of force or mass will affect the motion of an object.

	Fear of Physics: Friction

http://www.fearofphysics.com/Friction/frintro.html
In this test of driver decision making, students are provided information about the physics of

friction then directed to an animation of a traffic jam. The mass of the vehicle, the type of

surface (dry, wet, snowy, icy), and the braking distance can be manipulated to determine the

conditions necessary to avert a rear-end collision.

Engineering Interact: Gravity

http://www.engineeringinteract.org/resources/parkworldplot/flash/concepts/gravity.htm
This animation explains gravity in examples on Earth and in space by emphasizing relative masses and balanced/unbalanced forces. Students make predictions then test them; when predictions are not correct, an explanation and redirection are provided.


	
	However, appropriate assessments should also require students to exemplify ways that varying the amount of force exerted on an object affect the motion of the object; or exemplify how changes in mass affect the motion of objects; or explain how varying the amount of force or mass will affect the motion of an object. 




	Module 8-5.4 Continued

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-5.4 Predict how varying the amount of force or mass will affect the motion of an object.

	Exploratorium: Skateboard Science

http://www.exploratorium.edu/skateboarding/trick.html
A multi-frame illustrated web-text about the forces of friction and gravity acting on a skateboarder. Photographs show skateboard tricks in freeze-frame action and the text explains the forces involved and the tricks-of-the-trade for accomplishing the feat.

PBS On-line: Building Big Skyscraper Basics

http://www.pbs.org/wgbh/buildingbig/skyscraper/basics.html
Students are provided background information on the structure of skyscrapers, and then are directed to several engineering problems involving skyscrapers. Students must use their knowledge of gravity and balanced and unbalanced forces to determine the correct solution.


	
	


	Module 8-5.4 Continued

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-5.4 Predict how varying the amount of force or mass will affect the motion of an object.

	PBS On-line: Building Big Shapes Lab

http://www.pbs.org/wgbh/buildingbig/lab/shapes.html
An interactive opportunity for students to test the strength and observe the directional forces on

shapes used in architecture. When the shape is tested for strength, students are shown how to

reinforce it, and are directed to do a comparison of increasing mass to determine which structure is the strongest.

Suggested Streamline Videos:
http://etv.streamlinesc.org
The Ups and Downs of Technology- Constant Motion

An explanation of the forces acting on a racing cyclist and a sky diver uses on screen force arrows and speedometer to help students see how motion changes due to the forces of gravity and friction. Includes a description of the how the athletes make adjustments to balance forces in order to maintain constant speed. Segment 4: 6:26


	
	

	Module 8-5.4 Continued

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-5.4 Predict how varying the amount of force or mass will affect the motion of an object.

	Physical Science: Forces and Gravity

Segment 1: Introduction to Forces and Gravity (3:18)

Segment 2: Friction (3:10)

Overview of the laws governing the motion of an object in action-packed

examples from the world of sports, architecture, and recreation. The segment includes descriptions of balanced and unbalanced forces, gravity, inertia, and friction ending with the technology of space transportation. 0:00-6:28
Basics of Physics: Exploring the Laws of Motion

Segment 2: Newton’s First Law of Motion: Force, Friction, and Inertia (4:40)

Illustrates the concept of inertia through several demonstrations including the table cloth trick and penny-in-a-cup and explains the relationship of gravity and friction to the inertia and motion of an object. Key concepts and definitions are displayed. Explanations that accompany the remaining demonstrations in this segment contain anthropomorphism and should be avoided.
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From the South Carolina Science Support Documents: 

Indicator 8-5.4:  Predict how varying the amount of force or mass will affect the motion of an object. 
Taxonomy level of indicator:

2.5-B   Understand Conceptual Knowledge
Previous/Future Knowledge: 

Students have been introduced to the concept of the importance of pushing and pulling to cause a change in motion in the 1st grade (1-5.2).  In the 3rd grade, students have studied how the motion of an object is affected by the strength of the push or pull on an object (3-5.3) and the relationship between the motion of an object and the pull of gravity (3-5.4).  Students have been introduced to the concept of forces and how they affect motion in 5th grade (5-5.1) as well as to the concept of how mass can affect motion (5-5.6)  Students will further develop the concept of the how force and mass affect motion quantitatively in high school Physical Science (PS-5.8).

It is essential for students to know that varying the amount of force or mass will affect the motion of an object.

Force


· If an object is in motion and more force is applied to it, the object will begin moving faster.

· If two objects have the same mass and a greater force is applied to one of the objects, the object that receives the greater force will change speeds more quickly.  For example if a ball is hit harder, it will speed up faster.  

· If an object must be slowed down quickly, the force applied to the object must be greater than what is needed for a gradual slowing down.  For example, the greater the force applied to the brakes of a bicycle, the more quickly it will slow down or stop.

· Varying the amount of force applied to a moving object can also change the direction that the object is moving more or less quickly.  For example, a baseball pitched toward the batter may quickly change direction and speed if hit very hard, or may change direction and speed more slowly if hit softly as with a bunt.  
Mass


· If a heavy (more massive) object is in motion, more force must be applied to get the object moving faster.

· If the same force is applied to two objects, the object with the smaller mass will change speeds more quickly.  For example if a baseball and a bowling ball are thrown with the same force, the baseball will speed up faster.  

· In order to slow down or stop a heavier (more massive) object, the force on that object must be greater than for a less massive object.  For example, if the same braking force is applied to a small car and a large truck, the car will slow down more quickly.

· It is more difficult to change the direction of a heavy moving object, than one that is lighter in mass.

It is not essential that students know the specific quantitative relationships among force, mass, and movement of objects (F = ma) or Newton’s Laws of Motion.
Assessment Guidelines: 

The objective of this indicator is to predict how varying the amount of force or mass will affect the motion of an object; therefore, the primary focus of assessment should be to infer from the presented material how the amount of force or mass will affect the motion of an object in terms of change in speed and/or direction. However, appropriate assessments should also require students to exemplify ways that varying the amount of force exerted on an object affect the motion of the object; or exemplify how changes in mass affect the motion of objects; or explain how varying the amount of force or mass will affect the motion of an object.
From AAAS Atlas of Science Literacy (Project 2061):

Student Misconceptions:
Students tend to think of force as a property of an object ("an object has force," or "force is within an object") rather than as a relation between objects.  In addition, students tend to distinguish between active objects and objects that support or block or otherwise act passively. Students tend to call the active actions "force" but do not consider passive actions as "forces".  Teaching students to integrate the concept of passive support into the broader concept of force is a challenging task even at the high-school level. 

Students believe constant speed needs some cause to sustain it. In addition, students believe that the amount of motion is proportional to the amount of force; that if a body is not moving, there is no force acting on it; and that if a body is moving there is a force acting on it in the direction of the motion.  Students also believe that objects resist acceleration from the state of rest because of friction -- that is, they confound inertia with friction.  Students tend to hold on to these ideas even after instruction in high-school or college physics.  Specially designed instruction does help high-school students change their ideas. 

Research has shown less success in changing middle-school students' ideas about force and motion.  Nevertheless, some research indicates that middle-school students can start understanding the effect of constant forces to speed up, slow down, or change the direction of motion of an object. This research also suggests it is possible to change middle-school students' belief that a force always acts in the direction of motion.  

Students have difficulty appreciating that all interactions involve equal forces acting in opposite directions on the separate, interacting bodies. Instead they believe that "active" objects (like hands) can exert forces whereas "passive" objects (like tables) cannot.  Alternatively, students may believe that the object with more of some obvious property will exert a greater force.  Teaching high-school students to seek consistent explanations for the "at rest" condition of an object can lead them to appreciate that both "active" and "passive" objects exert forces.  Showing high-school students that apparently rigid or supporting objects actually deform might also lead them to appreciate that both "active" and "passive" objects exert forces.  
Teaching 8-5.4  Lesson A: Force and Motion –“Mass, Force and Direction”
Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator. This lesson is designed to introduce the position and motion of an object relative to other objects. This lesson can also be used in conjunction with 8-1.3, 8-1.4, 8-1.6. FOSS - Force and Motion or STC - Energy, Machines, and Motion kits provide an opportunity for conceptual development of the concepts within the standard. 

Prepare the FOCUS questions before you teach the lesson they can be displayed through a projector (LCD, SMART or Promethean Board), written on the board during the engage, activity or copied onto a transparency and used on an overhead. Students should have completed Lesson 8-5.3A before beginning this lesson.

Misconceptions:
Students tend to think of force as a property of an object ("an object has force," or "force is within an object") rather than as a relation between objects. Students believe that the amount of motion is proportional to the amount of force.
Safety Note:
Students should observe all lab safety procedures as well as school and district policies. There are no chemical or physical hazards present if proper laboratory behavior is observed. This lab is conducted outdoors so students should be aware of proper sidewalk, parking lot, and/or road safety as it applies to your experimental conditions. The Golf ball and Bowling ball are very heavy and could cause harm when rolled or stopped; therefore the teacher should assist with this part of the experiment. 
Lesson time:

55 minutes

Materials Needed: 
· Golf ball – 1 per class - teacher ONLY
· Bowling ball – 1  per class - teacher ONLY
· Tennis Ball – 1 per group
· Soccer Ball – 1 per group
· Meter Stick – 2 per group
Focus Question:
What happens to the direction of a moving object when a force is applied to it?
Engage (7 minutes):
1. Ask students which would be harder to slow down or stop a freight train or a bicycle? Why?

2. Ask students what they recall about force and an object’s motion?

Students should be able to recall:
a. A  Force must be applied to an object in order to change its motion.
b. Friction is a force that acts to resist motion.
c. The greater the force of Friction the greater the applied force must be in order to change the objects motion.
d. A freight train should be harder to stop and should give size as the reason.

e. Applied forces cause objects to change their motion. Cite the example of the book pushed off the table and the ball falling to the ground.
Explore (33 minutes):
1. You will need at least 3 students per group no more than 5.

2. Have the students read the procedure below before taking them outside to conduct the experiment.

a. This section of the experiment will be carried out with your teacher:
i.  When your group is called go to the teacher’s station. 
ii. Your teacher will give you the safety precautions and demonstrate how to stop each ball, before you conduct this part of the experiment.

iii. Your teacher will roll each of the balls toward you at varied speeds. You will stop the balls with your foot.

iv. As you stop the ball notice how much force you had to use to stop each ball at each speed. Pay attention to any difference in the amount of force you needed to stop each ball.

v. Record your observations in your notebooks
b. Start the tennis ball rolling by giving it a sharp tap with the meter stick. 
c. While it is moving give it a second sharp tap in the same direction it is moving.
d. Draw a diagram of the motion of the ball in your notebook. Be sure to indicate any change in the speed and/or the direction of the ball in your diagram. 

e. Start the tennis ball rolling again by giving it a sharp tap with the meter stick. 
f. While it is moving, give it a second sharp tap, but this time at a right angle to its direction of motion. 
g. Draw a diagram of the motion of the ball in your notebook. Be sure to indicate any change in the speed and/or the direction of the ball in your diagram. 

h. Repeat steps e – f twice more, each time hitting the ball with more force at the second tap but with approximately the same force at the first tap.

i. Repeat steps b – h for the soccer ball.
j. Finally one student should roll the balls at the same time, in the same direction with the same force.
k. Another student should use the meter sticks and at the same time with the same amount of force tap the balls at right angles to the direction they are traveling:
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Student A pushes balls

Student B taps balls with meter sticks
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l. Observe the direction and speed of both balls after the student b taps them and record this observation in your notebooks – You may need to do this more than one time. NOTE: Be careful NOT to break the meter sticks!

m. At the end of this experiment you should have 2 observations and 8 diagrams as your data. 
3. Demonstrate how to complete the diagrams. As you draw the diagram on the board be sure to speak to the following:
a. The length of the line should represent the relative speed of the ball NOT the distance it travels (i.e. if the ball slows down after the second tap then the arrow should be shorter than the initial line representing the balls motion after the first tap, if it speeds up it should be longer, the arrow should also be pointing in the new direction relative to the first arrow. See the example below:
b. The 2nd arrow should point in the direction the ball moved relative to its original motion. 


      Direction 
      And speed


1st Tap





      Direction &





Speed





2nd Tap
4. Have students take their notebooks and materials outside to conduct this experiment (on a sidewalk or in a cleared parking lot).
5. Find a smooth, straight 10m area in which to roll the bowling ball and golf ball (You must ensure that the golf ball will not bounce up at the student). 

6. Call each group up one at a time to complete the teacher conducted portion of the experiment:

a. Be sure to do the following:
i. Instruct students to use the bottom of their shoes at the ball of their feet to stop the balls.

ii. Instruct students that their foot should be placed at a 45˚ angle to the ground and that they should NOT try and step down on the ball to stop it (commonly used in soccer).

iii. Position the student about 10m away and push the bowling ball toward them.

iv. Repeat step iii twice more increasing the speed each time.

v. Repeat steps iii and iv with the golf ball.

7. Students should complete diagrams in their notebooks individually. At the end of the experiment they each should have 8 diagrams (4 for the tennis ball and 4 for the soccer ball).
Explain: (15 minutes)

1. Have students pair and have them compare their diagrams.
a. What are some things that are similar about the diagrams?
b. What are some things that are different about the diagrams?

c. What happened to the speed of the balls after the second tap?
d. What happened to the direction of the balls after the second tap?

e. What did you notice about balls direction and speed after the second tap? Did the initial speed of the ball make a difference?

f. What factor does the mass of the moving object play in changing its direction? 

2. Ask students to discuss the difference in stopping the bowling ball and stopping the golf ball.
3. Have pairs share with other pairs. 

4. Ask student to write a summary of their findings in their notebooks.

5. Have students peer edit the summary.
Note: Students should notice:

· If an object is in motion and more force is applied to it, the object will begin moving faster.

· If two objects have the same mass and a greater force is applied to one of the objects, the object that receives the greater force will change speeds more quickly.  

· Varying the amount of force applied to a moving object can also change the direction that the object is moving more or less quickly.

· If a heavy (more massive) object is in motion, more force must be applied to get the object moving faster.

· If the same force is applied to two objects, the object with the smaller mass will change speeds more quickly.  

· In order to slow down or stop a heavier (more massive) object, the force on that object must be greater than for a less massive object.  
· It is more difficult to change the direction of a heavy moving object, than one that is lighter in mass.

Extend: 

Explore collisions at http://www.hoomanr.com/Demos/Elastic/index.shtml. First observe the motion of a collision between 2 balls – select 1D collision. Then observe the motion of a collision between 3 balls – select 2D collision. 
DO NOT assign, if you do not know about elastic and inelastic collisions and the environmental conditions needed to simulate them. 
Teaching 8-5.4  Lesson B: Force and Motion –“ Mass, Force and Motion”
Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator. This lesson is designed to introduce the position and motion of an object relative to other objects. This lesson can also be used in conjunction with 8-1.3, 8-1.4, 8-1.6. FOSS - Force and Motion or STC - Energy, Machines, and Motion kits provide an opportunity for conceptual development of the concepts within the standard. 
Prepare the FOCUS questions before you teach the lesson they can be displayed through a projector (LCD, SMART or Promethean Board), written on the board during the engage, activity or copied onto a transparency and used on an overhead. Students should have completed Lesson 8-5.4A before beginning this lesson. 

Misconceptions:
Students tend to think of force as a property of an object ("an object has force," or "force is within an object") rather than as a relation between objects. Students believe that the amount of motion is proportional to the amount of force. 
Safety Note:
Students should observe all lab safety procedures as well as school and district policies. There are no chemical or physical hazards present if proper laboratory behavior is observed.
Lesson time:

55 minutes

Materials Needed: 
· Lab table (floor) marked with tape the length of 1 meter (1 per group) 
· Stop watch (1 per group)
· Spring scale (1 per group)
· Small block of wood with an eyehook (1 per group) 

· Masses (3 different masses per group)

· Ring Stand with string 5 large heavy washers attached (1 per group) NOTE: Be sure the ring stand base is facing the opposite direction of the washers – it may be necessary to place textbooks on the base to keep it upright.

· Meter stick (1 per group)
Focus Question:
How does the mass of an object affect the amount of applied force needed to move it?

Engage: (5 minutes)
1. Ask students to recall how an applied force can change the motion of an object. Students should be able to recall form lesson 8-5.4A that direction and speed can be affected – They should also be able to recall that the larger the mass the larger the force must be to change the motion of the object.
2. Ask students to predict the relative amount of force required to move the block as mass is added to it. They should record this prediction in their notebooks. NOTE: Show students the set-up before asking this question.
Explore: (35 minutes)
1. You will need at least 2 students per group and no more than 4 students per group.

2. Have students read through Part I of the procedure:

PART I:

a. Make sure your spring scale is zeroed and that your block has an eye hook.

b. Take your block and spring scale to your lab station. At the station you should have:

i. A one meter area marked off on it.

ii. 1 stop watch

iii. 3 different masses 
c. Attach the block to the spring scale.  
d. Pull the block across the one meter area in 30 seconds.
i. Use the stop watch to observe the time to move the block 1 meter.
ii. Repeat pulling the block until you can pull it the distance of 1 meter in 30 seconds every time.
e. Pull the block by itself the distance of 1 meter in 30 seconds and record the force required in your data table. 
f. Add one of the masses to the block and repeat steps c - e above.

g. Repeat steps c - e for the other two masses.
h. Create a bar graph that compares the force needed to move each mass (including the block by itself), 1 meter in 30 seconds. 

3. Ask students to identify the variables and the constants – write them on the board. (Students should identify force, and mass as the variables and the distance, the time and the block of wood as constants)

4. Have them create a data table in their notebooks. Remind them:

a. To practice with the block itself and the three masses until they can

b. Record the units

c. Label the table and variables with units

5. Have them conduct the experiment.

Explain: (15 minutes)
1. Ask students what they are noticing about the force to move the block and mass?

2. Record their observations and ask them to revisit their predictions.

3. Ask students the following questions to assist them:

a. What did you have to do to get the block moving at the same speed as you added mass to the block? What pattern are you seeing?

b. How might changing the surface affect the force?

c. Which of the blocks would be easier to stop? Why?

d. What did you notice about the speed of the blocks?
Note: Students should notice:

· The heavier an object the more force is required to move at the same speed. As the mass on the block increased the amount of force required to move it at the same speed increased. 
· Friction between surfaces can be reduced, in order for objects to move more easily, by smoothing the surfaces, using wheels or rollers between the surfaces, or lubricating/oiling the surfaces. So the force required to move the blocks will decrease as friction decreases. However, the heavier objects will still require more force to move at the same speed. 

Extend:
Design an experiment to test the two variables: changing the mass of the block and changing the applied force.

Teaching 8-5.4  Lesson C: Force and Motion –“ Mass and Speed”

Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator. This lesson is designed to introduce the position and motion of an object relative to other objects. This lesson can also be used in conjunction with 8-1.3, 8-1.4, 8-1.6. FOSS - Force and Motion or STC - Energy, Machines, and Motion kits provide an opportunity for conceptual development of the concepts within the standard. 
Prepare the FOCUS questions before you teach the lesson they can be displayed through a projector (LCD, SMART or Promethean Board), written on the board during the engage, activity or copied onto a transparency and used on an overhead. Students should have completed Lesson 8-5.4A before beginning this lesson. 

Misconceptions:
Students tend to think of force as a property of an object ("an object has force," or "force is within an object") rather than as a relation between objects. Students believe that the amount of motion is proportional to the amount of force. 
Safety Note:
Students should observe all lab safety procedures as well as school and district policies. There are no chemical or physical hazards present if proper laboratory behavior is observed.
Lesson time:

55 minutes

Materials Needed: 
· Lab table (floor) marked with tape the length of 1 meter (1 per group) 
· Stop watch (1 per group)
· Spring scale (1 per group)
· Small block of wood with an eyehook (1 per group) 

· Masses (3 different masses per group)

· Ring Stand with string 5 large heavy washers attached (1 per group) NOTE: Be sure the ring stand base is facing the opposite direction of the washers – it may be necessary to place textbooks on the base to keep it upright.

· Meter stick (1 per group)
Focus Question:
How does the mass of an object affect its speed?

Engage (10 minutes): 
1. Ask students to recall how to calculate speed. After students have identified the formula write it on the board: v=d/t. Students should recall units for speed (i.e. m/s, miles/hr, km/hr, cm/s) 
2. Ask students “What can we say about an object’s mass and the force required to change its motion?” NOTE: Students should be able to recognize that the more massive an object the more force is required to change its motion from lesson 8-5.4A.

3. Ask students to record their ideas in their notebooks.

Explore (30 minutes):

1. Have students read through the procedure:

a. Make sure your spring scale is zeroed and that your block has an eye hook.

b. Take your block and spring scale to your lab station. At the station you should have:

i. A one meter area marked off on it.

ii. 1 stop watch

iii. 3 different masses 
c. Attach the block to the spring scale. 

d. In your data from part 1 find the force required to move the block with the biggest mass. 

e. Pull the block across the one meter area with the force required from part 1 to move the block with the largest mass.
i. Start the stop watch when the block begins to move and stop the stop watch when the block reaches the 1 meter mark.
ii. Record the time in your data table.
iii. Conduct 3 more trials.
f. Add one of the masses to the block and repeat step d above. Remember to keep the force the same in all trials.

g. Repeat step d for the other two masses. Remember to keep the force the same.
h. Calculate the average time and record in your data table.  

i. Calculate the average speed for each mass (the distance = 100 cm).
2. Ask students to identify the variables and the constants – write them on the board. (Students should identify speed, time and mass as the variables and the distance, the force and the block of wood as constants)

3. Have them create a data table in their notebooks. Remind them:

a. To practice with the block until they can maintain the same amount of force as the block moves. 
b. Record the units.
c. Label the table and variables with units.
4. Have them conduct the experiment.

Explain (15 minutes):

1. Have students construct 2 bar graphs:
a. First one comparing their masses with the time it to move the block.

b. Second one comparing their masses with the speed the block moved. 
c. Graphs may look something like this:
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d. Point out the inverse relationship between speed and time (review).

2. Ask students, “What happens to the speed of an object as the mass is increased?” 

3. Ask students, “What do you think would happen if we decreased the mass of the block?”

4. Have students go back to their answer to the “Engage” question and edit as needed.

5. Ask students what they might have seen if they were not keeping the force constant. 
Note: Students should notice:

· If the mass of the block is increased the speed of the block will decrease if the applied force stays the same.
· If the mass is decreased the speed should increase
· Students should also notice that as the mass increases the time to move the block also increases.
Extend:

Conduct an experiment to test the affect of varying both mass and force on the speed of an object. Using the following equipment and the apparatus shown below:


· Meter stick

· Stopwatch

· Marker

· Tape

· 3 Different Masses

· Protractor



Teaching 8-5.4  Lesson D: Force and Motion –“Force and Speed”

Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator. This lesson is designed to introduce the position and motion of an object relative to other objects. This lesson can also be used in conjunction with 8-1.3, 8-1.4, 8-1.6. FOSS - Force and Motion or STC - Energy, Machines, and Motion kits provide an opportunity for conceptual development of the concepts within the standard. 
Prepare the FOCUS questions before you teach the lesson they can be displayed through a projector (LCD, SMART or Promethean Board), written on the board during the engage, activity or copied onto a transparency and used on an overhead. Students should have completed Lesson 8-5.3A before beginning this lesson.

Misconceptions:
Students tend to think of force as a property of an object ("an object has force," or "force is within an object") rather than as a relation between objects. Students believe that the amount of motion is proportional to the amount of force.
Safety Note:
Students should observe all lab safety procedures as well as school and district policies. There are no chemical or physical hazards present if proper laboratory behavior is observed.
Lesson time:

55 minutes

Materials Needed:  
· Stop watch (1 per group)
· Toy Car with a mass between 150g and 500g(1 per group) 

· Ring Stand with string & 5 washers (1 washer = 1/5 mass of car) (1 per group) NOTE: Be sure the ring stand base is facing the opposite direction of the washers – it may be necessary to place textbooks on the base to keep it upright.

· Meter stick (1 per group)
· Graph Paper (1 per person)
· Piece of Masking Tape (5cm) (1 per group)
Focus Question:
What happens to the speed of an object when a force is applied?
Engage (10 minutes):

1. how mass and force are related – how direction and force are related – how direction and speed describe an objects motion

Prediction about force and speed

Explore (35 minutes):
1. Have students read the following procedure and create a data table in their notebooks.

a. Take your car to a lab station. The lab station should contain:

i. A ring stand with a string and 5 washers attached

ii. Meter stick
iii. Stop Watch

iv. Graph Paper

v. Masking Tape

b. Mark the back tire’s position on the floor with a piece of masking tape.

c. Using the meter stick pull the washers back to a release height of 40cm. 
d. Release the washers. 
e. Once the washers hit the back of the car start the stop watch.

f. Stop the stop watch when the car stops moving.

g. Record the time in the data table.
h. Measure the distance the car traveled (from the masking tape) and record in the data table.
i. Calculate v=d/t for the trial.  Record in the data table
j. Repeat for 4 more trials and find the average speed and record in your data table.
k. Repeat steps c-j for 3 washers (remove 2 washers) and 1 washer (remove 2 more washers).  
2. Ask students to identify the variables, units and constants. Students should identify:

a. height of the washers as a constant 
b. toy car as a constant 
c. number of washers as a variable (the applied force) with no units, 
d. distance the car travels as a variable with units that are on the meter stick (i.e. cm, dc, or m etc…) - (Students might want to decide on their units for distance based on how far the car goes the first time)
e. time as a variable in units of seconds

f. speed (v) as a calculated variable with units of the distance the car travels per second

3. Have students conduct the experiment. 

Explain (10 minutes):
1. Ask students  the following questions:

a. How is the number of washers related to force?
b. What happened to the speed of the car as the force applied to it increased?
c. Did you notice a difference in how fast the car increased speed? What caused this difference?

d. What would happen if you had two of the same car and two ring stands one with 1 washer and one with 5 washers and you held the washers at the same release height and dropped them into the back of the cars at the same time?

i. Demonstrate this if students can’t make the leap. (See the last bullet below.)

Students should notice:
· Varying the amount of force applied to a moving object can also change the direction that the object is moving more or less quickly.
· If two objects have the same mass and a greater force is applied to one of the objects, the object that receives the greater force will change speeds more quickly. NOTE: The students experienced the same object receiving varying force – but should be able to make this leap easily –if the other lessons in this module have been completed prior to this one

Extend:
Research how this experiment might play out in space or in a place where there is little or no gravity. This will relate to the elastic collisions extension in lesson 8-5.4A
Standard 8-5:  The student will demonstrate an understanding of the effects of forces on the motion of an object. (Physical Science)





Indicator 8-5.4:  Predict how varying the amount of force or mass will affect the motion of an object.





Other indicators addressed:  


Indicator 8-5.3:  Analyze the effects of forces (including gravity and friction) on the speed and direction of an object.


8-1.3 Construct explanations and conclusions from interpretations of data obtained during a controlled scientific investigation.


8-1.6 Use appropriate tools and instruments (including convex lenses, plane mirrors, color filters, prisms, and slinky springs) safely and accurately when conducting a controlled scientific investigation.


8-1.5:  Explain the importance of and requirements for replication of scientific investigations.


8-1.7 Use appropriate safety procedures when conducting investigations. 

















Notice that the second arrow points in another direction and is shorter (indicating a slower speed).





40 cm


Release 


Height











Place car here





Notice that this ball is larger (it has more mass) and that the second arrow is longer (it has a faster speed) and points in the same direction as the first arrow.
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