Physical Science

Science

Module 

PS-5.7
Forces and Motion
Lessons A-B

Instructional Progression:

In 5th grade students are introduced to net force as they explain how

unbalanced forces affect the rate and direction of the motion in object (5-5.3). Also in 5th grade students explain how a change in force or mass affects the motion of an object (5-5.6). In 8th  grade, as foundation for Newton’s first law, students summarize and illustrate the concept of inertia (8-5.6).Also in 8th grade, as foundation for Newton’s second law, students predict how varying the amount of force or mass will affect the motion of an object (8-5.4). In Physical Science, students have an understanding of the difference between constant velocity and accelerated motion. Students can now use Newton’s first law of motion to explain how an object’s inertia affects its motion in terms of speed and direction. Students can use Newton’s second law to explain how applied forces can affect the motion of an object in terms of speed and direction. Newton’s third law is an entirely new concept for Physical Science students.

Taxonomy level of indicator:
2.7-B Understand Conceptual Knowledge

Key Concepts:

Newton’s 1st Law: Law of Inertia, net force, newton (N), inertia, friction

Newton’s 2nd Law: applied force

Newton’s 3rd Law: Law of Action and Reaction, action force, reaction force

Content Overview:

It is essential for students to understand

That a force is a push or a pull that one object exerts on another object and that in the metric system, force is measured in units called newtons (N).

That a net force is an unbalanced force. It is necessary to find the net force when one object has more than one force exerted on it.

Newton’s First Law that states that the velocity of an object will remain constant unless a net force acts on it. This law is often called the Law of Inertia.

If an object is moving, it will continue moving with a constant velocity (in a straight line and with a constant speed) unless a net force acts on it. If an object is at rest, it will stay at rest unless a net force acts on it.

Inertia is the tendency of the motion of an object to remain constant in terms of both speed and direction.

That the amount of inertia that an object has is dependent on the object’s mass. The more mass an object has the more inertia it has.

That if an object has a large amount of inertia (due to a large mass):

It will be hard to slow it down or speed it up if it is moving.

It will be hard to make it start moving if it is at rest.

It will be hard to make it change direction.

That inertia does not depend on gravitational force. Objects would still have inertia even if there were no gravitational force acting on them.

The behavior of stationary objects in terms of the effect of inertia. Examples might include:

A ball which is sitting still will not start moving unless a force acts on it.

A ball with a larger mass will be more difficult to move from rest than a smaller one. It is more difficult to roll a bowling ball than a golf ball.

The behavior of moving objects in terms of the effect of inertia. Examples might include:

People involved in a car stopping suddenly:

If a net force (braking force) is exerted on the car in a direction opposite to the motion, the car will slow down or stop.

If the people in the car are not wearing their set belts, because of their inertia, they keep going forward until something exerts an opposite force on them.

The people will continue to move until the windshield (or other object) exerts a force on them.

If the people have their seatbelts on when the braking occurs, the seatbelt can exert a force to stop the forward motion of the person.

A passenger in a turning car:

Consider a person who is a passenger in a car that is moving in a straight path. The passenger in the car is also moving in a straight path.

If the car suddenly turns left, the inertia of the passenger causes him to continue to move in the same straight path even though the car under him has turned to the left.

The passenger feels as if he has been thrown against the side of the car, but in fact, the car has been pushed against the passenger.

If a rowboat and a cruise ship are moving at the same speed, it is more difficult to turn the

cruise ship because it has more mass and therefore more inertia.

The reason that objects often do not keep moving in our everyday experience is because there is often a net force acting on them.

Students need to explain how friction as a net force slows or stops a variety of everyday objects.

If a ball were thrown in distant outer space away from forces, such as friction, it would continue to move at a constant velocity until an outside force acts on it.

Newton’s Second Law of Motion

It is essential for students to understand

Newton’s Second Law that states, “When a net force acts on an object the object will accelerate in the direction of the net force”.

 
The larger the net force, the greater the acceleration. (It is sometimes stated that the acceleration is directly proportional to the net force.)

The larger the mass of the object, the smaller the acceleration. (It is sometimes stated that the acceleration is inversely proportional to the mass of the object.)

In mathematical terms Newton’s Second Law states that the net force equals the mass times the resulting acceleration. (F = ma)

Friction and air resistance will often be ignored in discussions and problems, but students should

be aware of their role in determining the net force.

It is essential that students understand

The motion of objects in terms of force, mass and acceleration.

The effects of force:

Force magnitude: If the mass of an object remains constant, the greater the net force the greater the rate of acceleration.

Forces and Motion

Force direction:

If the force is applied to an object at rest, the object will accelerate in the direction of the and the raft puts a force on thediver (reaction force) pushing her in the opposite direction.

A person pushes against a wall (action force), and the wall exerts an equal and opposite force against the person (reaction force).

Teaching Lesson A
Anticipatory Guide for Newton’s Three Laws of Motion

Introduction to the Lesson:
Complete the following worksheet to activate learning, discover possible misconceptions, and gain better understandings of acceleration
Lesson Time:

0.5 day

Materials Needed:

None

Essential Question:
Can a better understanding of acceleration be achieved ib an investiigation?
Procedure:

Before starting to read and conduct investigations, place a check mark (() if you agree or think the statement is true. 

During or after reading:  Add new check marks or cross through those about which you have changed your mind. Use the space under each statement to note the page(s) in the text or the Lesson of where you are finding information to support your new thinking. 

___ 1. A car that is traveling at a constant velocity will need to have an  

          additional force applied to it in order to accelerate to a higher velocity.

___ 2. The force required to push something at 2 m/s is equal to the force 
           required to push the object at 4 m/s.

___ 3. A car that can slow down with a net force of zero.

___ 4. The following dot motion diagram shows an object with a net force of 
           zero

[image: image1.emf].

___ 5. An object that is not moving has a net force of zero.

___ 6. In sitting in your seat, the force of your weight is pressing down and the force of the chair on you is up so that the net force is equal to zero.

___ 7. An object dropped at 30 feet will increase its speed and therefore the distance it travels each second because the force of gravity continues to accelerate the object.

___ 8. Any acceleration of an object means that the net force on the object is not zero. 

___ 9. High density objects fall faster low density objects.

Assessing the Lesson:
Formative Assessment
Discussion of student responses.
Teaching Lesson B
Comparing Forces on Objects with Different Masses  
Introduction to the Lesson:

This activity will investigate the relationship between force and mass of an accelerating object.

Lesson Time:

1  day

Materials Needed:

Chair with wheels, Large-faced spring scale (20 N)

Essential Question:

Is it possible to investigate the relationship between force and mass of an accelerating object?
Procedure: Part I 
1. Place a chair with wheels in a long hallway with no one seated and attach the spring scale to the chair

2. Pull the spring scale in such a way that the scale is level with the ground and the chair is going at a constant slow constant velocity straight down the hallway. Measure this force using a large-faced spring scale.

3. Repeat at the same constant velocity with a person in the chair. Measure this force using a large-faced spring scale
Assessing the Lesson:

Formative Assessment
Reflecting Questions

1.  Compare the force required to move and empty chair and that require to move a chair with a person in it. How is this related to the equation F = ma?

2. In the space below, draw a side-view force diagram to relative scale that represents the applied force and frictional force of  traveling at constant velocity on an empty and a chair with a person in it.

	Constant Velocity Empty Chair
	Constant Velocity with Person in Chair

	
	


Part II  
Comparing Forces on Objects with Slow and Fast Constant Velocities

Procedure
1. Place a chair with wheels in a long hallway with no one seated and attach the spring scale to the chair

2. Pull the spring scale in such a way that the scale is level with the ground so that the chair is going at a constant slow constant velocity straight down the hallway. Measure this force using a large-faced spring scale.

3. Repeat so that the chair is going at a faster constant velocity. Measure this force using a large-faced spring scale.
Assessing the Lesson: 

Formative Assessment

Reflecting Questions

1. What is the net force on the chair when it is moving at a slow constant velocity?

____________________
2. What is the net force on the chair when it is moving at a fast constant velocity?









________________________

3. If the velocity of the chair is constant, that means that the net force is zero. However, you applied a force to keep the chair moving at constant velocity. What is the force that opposed the applied force?

____________________
4. What is the direction of the force that opposed the applied force?

___________________
5. What is the amount of the force that opposed the applied force?

______________________
6. In the space below, draw a side view force diagram to relative scale that represents the applied force and frictional force on the chair as it is moving at a constant slow and constant fast velocity.

	Constant Slow Velocity
	Constant Fast Velocity

	
	


7.  Summarize the relationship between the applied force on an object going at a slow constant velocity and applied force on the same object going at a faster constant velocity.

Part III
Comparing Forces on Objects with Slow and Fast Constant Velocities
Materials Needed:

Smooth wooden block (or textbook), Tape, String, Spring scale (10 N)

Procedure:
1. Place wooden block on a level smooth surface.

2. Secure the string to the block with tape so that it can easily pull the block.

3. Attached the spring scale to the string.

4. Apply a force to the block so that it is going at a constant slow constant velocity (about 0.2 m/s). Make sure that the you pull the string in such a way that the string remains level. Measure the force using the spring scale.

5. Repeat so that the block is going at a fast constant velocity (about .4 m/s). Measure this force using the spring scale.
Assessing the Lesson:

Formative Assessment

Reflecting Questions
1. What is the net force on the block when it is moving at a slow constant velocity?

________________________

2. What is the net force on the block when it is moving at a fast constant velocity?









________________________

3. If the velocity of the block is constant, that means that the net force is zero. However, you applied a force to keep the block moving at constant velocity. What is the force that opposed the applied force?

________________________

4. What is the direction of the force that opposed the applied force?

________________________

5. What is the amount of the force that opposed the applied force?

________________________

6. In the space below, draw a side-view force diagram to relative scale that represents the applied force and frictional force on the block as it is moving at a constant slow and constant fast velocity.

	Constant Slow Velocity
	Constant Fast Velocity

	
	


7.  Summarize the relationship between the applied force on an object going at a slow constant velocity and applied force on the same object going at a faster constant velocity.

Part IV
Comparing Forces on Objects with Constant Velocities and Acceleration (Straight Motion) with an Accelerometer 

Materials Needed:

Chair with wheels, Clear plastic container, Water

Procedure:
1. Place a chair with wheels in a long hallway. Instruct a volunteer to sit in the chair holding a clear container half filled with water. Make note of the level of the water.

2. Apply a force to the chair so that it is constantly accelerating (gaining speed) while continuing straight down the hallway. Make note of the direction of the applied force in relation to the acceleration and any motion of the water while accelerating.

3. While continuing straight down a hallway at a constant speed. Make note of the water while traveling at constant velocity. 

4.  Apply a force that will abruptly reduce the speed to zero. Make note of the direction of the applied force and the water level.

5. 
Make note of the force required to start the chair moving compared to traveling with constant velocity and again while slowing down. 

Assessing the Lesson:

Formative Assessment

Reflecting Questions: 

1. What is the direction of the applied force on the chair when it is gaining speed (accelerating)? 

2. How does the applied force compare to the force of friction while accelerating? 

3. What is the direction of the applied force on the chair when it is slowing to a stop (negative acceleration)? 

4. What happens to the water in the glass while the chair is constantly gaining speed? 

5. What happens to the water in the glass while the chair is slowed to a stop? 

6. In the space below, draw a side-view force diagram to relative scale that represents the applied force and frictional force on the chair while it is speeding up and slowing down.

	Positive Acceleration
	Negative Acceleration

	Reflecting Questions: 
	


7. Create a sentence that explains how a cup of water can be used to understand whether an object has a net force of zero or has a net force.

8. Inertia is the resistance of an object to change its constant velocity, even when the object is at rest and the velocity is zero. Describe the force required to starting the motion compared to keeping the motion in constant velocity.

Part V
Forces and Directional Acceleration

Procedure:

1. Place a chair with wheels in a long hallway. Instruct a volunteer to sit in the chair holding a clear container of half filled with water.

2. Apply a force to the chair so that it is going at a constant medium velocity straight down the hallway.

3. After 2-3 seconds of this straight-line motion, make the chair take a 90 degree turn while continuing at a constant speed.

Assessing the Lesson:
Formative Assessment
Reflecting Questions: 

1. What is the net force on the chair equal to when it is moving at a medium constant velocity? 

2. What is the direction of the applied force on the chair when it is changing direction? 

3. What happens to the water in the glass while the chair is accelerating (changing direction)? 

4.  How does the applied force compare to the force of friction while turning? 

5.  In the space below, draw an above-view force diagram that represents the forces on the chair as it is going around a corner.

6. How does the concept of inertia explain why a force is need for objects to travel in a circular motion?
Additional Instructional considerations/Misconceptions

There are several sources of misconceptions in this unit. They include:

- The speed of a body is directly related to the force currently applied. 

- The state of rest is fundamentally different than the state of motion.

- Constant motion requires constant force.

- If a body is not moving there is no force acting on it.

- If a body is moving there is a force acting on it in the direction of the motion.

- Heavy objects always fall faster than lighter objects.

- Objects fall at the same rate, regardless of air resistance.

To overcome misconceptions, it is suggested that:

1.   Students become aware of their own preconceptions about a concept by thinking about it and making committed predictions before an Lesson begins.

2.   Students expose their beliefs by sharing them with small groups and then entire class.

3.   Students confront their beliefs by testing and discussing them in small groups.

4.   Students work towards resolving conflicts (if any) between their ideas and their observations, thereby accommodating the new concept.

5.   Students extend the concept by trying to make connections between the concept learned in the classroom and other situations, including daily lives.

6.   Students are encouraged to go beyond, pursuing additional questions and problems of their choice related to the concept. (adapted from 
Stephans, 2000)

Newton’s First Law of Motion: “The velocity of an object will remain constant unless a net force acts on it.” This is also known as Newton’s First Law of Inertia.  Inertia is the tendency of an object to resist changes in velocity, and therefore, acceleration.

	Balanced Forces




	Object is at rest
	Object is in motion at a certain speed and direction

	

	


	Object continues to stay rest


	Object continues to stay in motion at same speed and direction

	v = 0 m/s

a = 0 m/s2
	v ≠ 0 m/s

a = 0 m/s2

	It is important to remember that the first law talks about a “net force.”



	Example

A book sitting on a table has two opposing forces: (1) the force of gravity pulling down on the mass (weight) and (2) the force of the table holding it in place. Note that in the discussion of Newton’s first Law of Inertia, we begin to discuss Newton’s second and third laws of motion.
	Example

A book that is being pulled in one direction across a surface at a constant speed has two pairs of forces. Each pair has equal and opposite forces. The first pair is the weight of the object pulling down due to gravity and the an upward force of the table. The second pair of forces is due to a constant pushing which moves the book forward at a constant speed and the force of friction that is opposing the motion.



	Side-view Force Diagram

At Rest – Balanced Forces





	Side-view Force Diagram

Constant Velocity – Balanced Forces

                                                                            

                                        constant
                                                                                      

                                        velocity





SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

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

	Recommended  Days of Instruction:1.5
	(one day equals 90 min)

	Standard(s) addressed:  PS–5 The student will demonstrate an understanding of the nature of forces and motion.


	

	Forces and Motion

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS–5.7    Explain the motion of objects on the basis of Newton’s three laws of motion: inertia, the relationship among force, mass, and acceleration, action and reaction.
	SC Science Standards Support Guide

https://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?

Adopted Physical Science Textbook (see appendix for correlations)
Free Body Diagrams

http://www.glenbrook.k12.il.us/gbssci/phys/Class/newtlaws/u2l2c.html 

Football Physics

http://physics.uni.edu/outreach/football.html
Free Body Force Diagrams

http://www.physics.montana.edu/physed/misconceptions/forces/slownoforce/discover.html
Identifying Forces on an Object.
	Module 5-7
Lesson A
Anticipatory Guide for Newton’s Three Laws of Motion
Lesson B

Part I – Comparing Forces on Objects of Different Masses
Part II - Comparing Forces on Objects with Slow and Fast Constant Velocities.
Part III - Comparing Forces on Objects with Slow and Fast Constant Velocities

Part IV - Comparing Forces on Objects with Constant Velocities and Acceleration (Straight Motion) with an Accelerometer.

Part V - Forces and Directional Acceleration
	Assessment Guidelines:

The objective of this indicator is to explain the motion of objects based on Newton’s laws of motion, therefore, the primary focus of assessment should be to construct a cause and effect model that explains the motion of objects in terms of inertia; force, mass, and acceleration; and action and reaction forces.

In addition to explain, assessments may require that students:

Exemplify Newton’s Laws of Motion;

Compare the inertia of different objects of different mass;

Compare the rate of acceleration of objects with different masses or the rate of acceleration of an object when subjected to different forces (in 


	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	http://www.physics.montana.edu/physed/misconceptions/forces/nopassforce/discover.html 

http://www.physics.montana.edu/physed/misconceptions/forces/description.html#normforceweightmax
http://www.physics.montana.edu/physed/misconceptions/forces/description.html#pathtraining

	
	terms of magnitude and direction);

Compare action and reaction forces in terms of magnitude, direction, source of force (which

object) and recipient of the force (which object);

Summarize the principles of Newton’s Laws of Motion;

Illustrate Newton’s Laws of Motion with pictures, words, or diagrams.


Standard: The student will demonstrate an understanding of the nature of forces and motion..








Indicator: Explain the motion of objects on the basis of Newton’s three laws of motion: inertia, the relationship among force, mass, and acceleration and action and reaction forces.





Other Indicators Addressed: PS-1.1,1.2,1.3, 1.9, 1.5, 5.1, 5.2, 5.3, 5.4, 5.5, 5.6





























