Physical Science
Science

Module 
PS-5.3
Forces and Motion
Lessons A-C

Instructional Progression: knowledge: In 8th grade, students used measurement and time-distance graphs to represent motion of an object in terms of its position, direction, or speed (8-5.1); analyzed the effects of forces (including gravity and friction) on the speed and direction of an object (8-5.3); and analyzed the effect of balanced and unbalanced forces on an object’s motion in terms of magnitude and direction (8-5.5). These indicators address how forces influence the motion of an object, and in each case the answer is that a force can cause the speed of an object to increase or decrease or the direction of the object’s motion to change. However, 8th grade students do not consider the concept of acceleration. With an understanding of velocity in terms of speed and direction (PS-5.1 and PS-5.2),

Physical Science students have the foundation necessary to develop an understanding of the concept of acceleration as the rate of change in the velocity of an object, due to either a change in speed or a change in direction.

Taxonomy level of indicator:  
2.7-B Understand Conceptual Knowledge

Key Concepts:

Acceleration

Content Overview:

It is essential for students to understand

Constant Velocity or Zero Acceleration: The first motion diagram shown below is for an object moving at a constant speed toward the right. The motion diagram might represent the changing position of a car moving at constant speed along a straight highway. Each dot indicates the position of the object at a different time. The dots are separated by equal time intervals. Because the object moves at a constant speed, the displacements from one dot to the next are of equal length. The velocity of the object at each position is represented by an arrow. The velocity arrows are of equal length (the velocity is constant).

The acceleration in the diagram below is zero because the velocity does not change.
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Below is a data table which shows an example of what instantaneous velocities might be if measured at equal time intervals for zero acceleration. Notice the velocity is the same each time.

[image: image2.png]Time

Instantaneous velocity

Initial time

15 s to the right

After one second

15 s to the right

After two seconds

15m/s to the right

After three seconds

After four seconds

h
15m/s to the right
15m/s to the right





· Constant Positive Acceleration (speeding up): This motion diagram represents an object that undergoes constant acceleration toward the right in the same direction as the initial velocity. This occurs when the car speeds up to pass another car. Once again the dots represent, schematically, the position of the object at equal time intervals. Because the object accelerates toward the right, its velocity arrows increase in length toward the right as time passes. The distance between adjacent positions increases as the object moves right because the object moves faster as it travels right.

The acceleration in the diagram below is positive because the object is speeding up.
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Below is a data table which shows an example of what instantaneous velocities might be if measured at equal time intervals for positive acceleration. Notice the velocity is greater each time.

[image: image4.png]Time

Instantaneous Velocity

Initial time

0 m's to the right

After one second

5 ms to the right

After two seconds

10 s to the right

After three seconds

15 /s to the right

After four seconds

20 m's to the right





Teacher note: Sometimes the direction is defined as the positive direction. (Students do not need to know this).
· Constant Negative Acceleration (slowing down): This type of motion occurs when a car slows down. The dots represent schematically the position of the object at equal time intervals. Because the acceleration is opposite the motion, the object's velocity arrows decrease by the same amount from one position to the next. Because the object moves slower as it travels, it covers less distance during each consecutive time interval, so the distance between adjacent positions decreases as the object moves right.

The acceleration in the diagram below is negative because the object is slowing down.
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Below is a data table which shows an example of what instantaneous velocities might be if measured at equal time intervals for negative acceleration. Notice the velocity is smaller each time.
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Instantaneous Velocity

Initial time

20 m's to the right

After one second

15 /s to the right

After two seconds

10 s to the right

After three seconds

5 ms to the right

After four seconds

0 m's to the right





Teacher note: Sometimes the direction is defined as the positive direction or negative direction. (Students do not need to know this)

· Acceleration due to a change in direction:
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Instantaneous Velocity

Initial time

0m/s

After one second

5.0 /s north

After two seconds

5.0m/s west

After three seconds

5.0mv/s south

After four seconds

5.0m/s east





· Students should understand that the velocity of the object above is changing because the direction is changing. The speed of the object remains constant.

 Because the velocity of the object is changing, it is accelerating;

 Students need only say that the object is accelerating because the direction (and therefore the velocity) of the object is changing. Students need not consider the rate of acceleration for an object that is changing direction.

It is essential for the students to understand

· That acceleration is a measure of the change in velocity (final velocity - initial velocity) per unit of time. When the velocity of an object is changing, it is accelerating.

· That if the object slows down, the change in velocity (vf - vi) is negative so the acceleration is negative and conversely when the object is speeding up the acceleration is positive.

· That both the change in velocity and the time it takes for that change to occur are important when considering the acceleration of an object.

 When comparing the acceleration of two objects that have the same change in velocity, the one that undergoes the change in the least amount of time has the greatest acceleration.

 When comparing the acceleration of two objects that accelerate over the same interval of time, the one that undergoes the greatest change in velocity accelerates the most.

· That acceleration is always measured in velocity (distance/time) units divided by time units.

Example: Acceleration is change in velocity divided by time. The unit for velocity is m/s and the unit for time is second so the unit for acceleration is m/s/s or m/s2. This is derived from velocity (m/s) divided by time (s).

· Students should understand acceleration units conceptually as “change in velocity over time” rather than “distance over time squared”.

 The most common acceleration units in the metric system are m/s/s or m/s2.

 The time units may be different in the velocity part of the equation and denominator such as km/hr per second.

· The velocity of an object can change two ways, so an object can accelerate in two ways:

 The speed can increase or decrease

The direction can change.

Teaching Lesson A:

Acceleration Anticipatory Guide
Introduction to the lesson:

 Lesson time:
0.5 day
Materials Needed:
None
Essential Question:
How can we activate student learning, discover possible misconceptions, and gain better understandings of acceleration?
Procedure:
Before starting to read and conduct investigations on acceleration, 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 speed of 55 mph while going around a corner is not accelerating.

___2. A car that is speeding up is accelerating.

___3. A car that is slowing down is not accelerating.

___4. The following dot motion diagram shows an object in constant acceleration

[image: image8.emf].

___5. Objects fall to the ground at a constant velocity.

___6. An object dropped at 10 feet will take 1 second to fall. An object dropped at 20 feet will take 2 seconds to fall. An object dropped at 30 feet will take 3 seconds to fall.

___7. An object dropped at 30 feet will increase its speed and therefore the distance it travels each second.

___8. The average velocity and instantaneous velocity are the same when an object is traveling at constant velocity.

___9. The average velocity and instantaneous velocity are the same when an object is traveling at constant acceleration.

Assessing the Lesson:

Formative Assessment

Discussion of Student Answers
Additional Instructional Considerations/ Misconceptions:
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)

Teaching Lesson B:
Instantaneous Velocity and Average Velocity of Accelerating Objects

Introduction to the lesson:

 This activity will instruct students in differentiating instantaneous velocity and constant velocity of an accelerating object.
 Lesson time:
1 day

Materials Needed:
None

Essential Question:
How can instantaneous velocity and constant velocity of an accelerating object be differentiated?
Procedure:
A car at a stoplight has an initial velocity of zero (vi = 0 m/s). The light turns green and the car accelerates to a final velocity of 20 meters per second (vf = 20 m/s, which is about 45 mph). It takes the car 10 seconds to get to the final velocity. The distance it travels to get to 20 m/s is 100 meters. 

As the car is accelerating, the speedometer shows the speed of the car as the car is accelerating. The speedometer gives you the instantaneous velocity (speed) of the car. The velocity of the car is recorded for each second of the acceleration. The following table shows the instantaneous velocity of the car each second as it is accelerating. 

	Time (s)
	Instantaneous Velocity (m/s)

	 0
	0

	1
	2

	2
	4

	3
	6

	4
	8

	5
	10

	6
	12

	7
	14

	8
	16

	9
	18

	10
	20


Look at the pattern at which the velocity of the car increases. It can be easily seen that the car is increasing its velocity by 2 meters per second every second. We say that the car has a constant positive acceleration of 2 meters per second per second (2 m/s/s), or 2 meters per second squared (2 m/s2). It is constant because the change in velocity is the same each second (2 m/s). It is positive acceleration because the car is speeding up, or increasing velocity.

The average velocity and instantaneous velocity are the same when an object is moving at a constant velocity (zero acceleration). However, it is important to note that the average velocity and instantaneous velocity is not the same when accelerating. 
The following chart shows the time and distance of the accelerating car above. Calculate the average velocity of the car using the equation v = d/t. 

	Time (s)
	Distance (m)
	Average Velocity

(d/t)

	 0
	0
	

	1
	1
	

	2
	4
	

	3
	9
	

	4
	16
	

	5
	25
	

	6
	36
	

	7
	49
	

	8
	64
	

	9
	81
	

	10
	100
	


Assessing the Lesson:

Formative Assessment

Reflecting Questions

1. What pattern do you see when you compare the average velocity and instantaneous velocity of a constantly accelerating object?

2. 
Revisit Frayer Model for instantaneous velocity and average velocity that you completed in Module 5.2.  Add additional thoughts to these or make changes based on this new information.

Teaching Lesson C:
Accelerated Motion Represented
Introduction to the lesson:

 This activity will instruct students in representing positive and negative acceleration in a data table, dot motion diagram, and graph.
 Lesson time:
1 day

Materials Needed:
Meter stick, Stop watch (or someone who can clap at one second intervals)

Essential Question:
How can positive and negative acceleration be represented in a data table, dot motion diagram, and graph?
Part I

Accelerated Motion on a Dot Motion Diagram

Procedure:
Motion 1. You are going to move forward for 4 seconds. Go 0.5 meter in 1 second, then go an additional 1.5 meters in 1 second, then go an additional 2.5 meters in one second, and then go 3.5 meters in one second.

Motion 2. You are going to move forward for 4 seconds. Go 3.5 meters in 1 second, then go an additional 2.5 meters in 1 second, then go an additional 1.5 meters in one second, and then go an additional 0.5 meter in one second.

Representing Accelerated Motion in Drawing

Place a dot that represents where you are at each second.

Motion 1
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	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12


Distance (m)

Motion 2

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12


Distance (m)

Part II
Representing Accelerated Motion in a Data Table 
Complete the tables below based on Motion 1 and Motion 2. Calculate the average velocity using the equation v = d/t. We found in Lesson 2.1 that the instantaneous velocity of a constantly accelerating object with an initial velocity of zero is equal to two times the average velocity. 

Motion 1
	Time

(s)
	Distance

(m)
	Average Velocity (m/s)
	Instantaneous Velocity (m/s)

	0
	
	
	

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	


Motion 2
	Time

(s)
	Distance

(m)
	Average Velocity (m/s)
	Instantaneous Velocity (m/s)

	0
	
	
	

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	


Part III

Representing Accelerated Motion in a Graph
Procedure

On the graph paper, create a distance versus time graph that represents the accelerated motion of Motion 1 and Motion 2.
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Assessing the Lesson:

Formative Assessment

Part I
Reflecting Questions

1. Describe Motion 1.

2. Describe Motion 2.

3. 
What is the total distance Motion 1 traveled after 4 seconds?

4.  What is the total distance Motion 2 traveled after 4 seconds? 

5.  What do you predict the total distance Motion 1 would be after 5 seconds?

6. 
What do you predict the total distance Motion 2 would be after 5 seconds?

7. 
What pattern is associated with positive acceleration? Compare the dot diagram above with those you made when you were walking at a constant velocity. What difference do you see? 
Part II

Reflecting Questions

1. What pattern do you see in the distance column of Motion 1? 

2. What pattern do you see in the distance column of Motion 2? 

3. Look at the pattern in the instantaneous velocity column of Motion 1. At what rate does the velocity change?

4. Look at the pattern in the instantaneous velocity column of Motion 2. At what rate does the velocity change?
Part III

Reflecting Questions

1. How does the graph of constant acceleration compare to the graph of constant velocity? What is similar? What is different?

2. Describe the difference between the pattern of the positive acceleration with negative acceleration.

3. What does the slope of the line represent on a D/T graph?

4. What does a straight line on a D/T graph mean?

5. What does a curved line on a D/T graph mean?
Summative Assessment

Assessment 1

Telling a Story of Motion from a Graph


















Car 5

Reflecting Questions

1. Which car(s) are going at a constant speed? ___________________
2. Which car(s) are accelerating?______________________________
3. Which car has the fastest constant speed? ____________________
4. Which car has the slowest acceleration?________________________
5.  What is car 5 doing? ___________________________________

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:2.5 
	(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–5.3 
Explain how changes in velocity and time affect the acceleration of an object.

	SC Science Standards Support Guide

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

Adopted Physical Science Textbook (see appendix for correlations)
http://www.glenbrook.k12.il.us/gbssci/phys/Class/1DKin/U1L1e.html 

http://www.ddart.net/science/physics/physics_tutorial/Class/1DKin/U1L1d.html
http://www.ddart.net/science/physics/physics_tutorial/Class/1DKin/U1L1e.html
http://www.ddart.net/science/physics/physics_tutorial/mmedia/kinema/acceln.html
	Module 5-3
Lesson A
· Acceleration Anticipatory Guide

· Lesson B

·  Instantaneous Velocity and Average Velocity of Accelerating Objects

· Lesson C

· Part I

· Accelerated Motion on a Dot Motion Diagram

· Part II

·  Representing Accelerated Motion in a Data Table

· Part III

·  Representing Accelerated Motion in a Graph


	Assessment 1
Telling A Story from a Graph

Assessment Guidelines:
The objective of this indicator is to explain how changes in velocity or time affect the acceleration of

an object, therefore, the primary focus of assessment should be to a construct a cause and effect model showing how changes in speed, direction, or time affect the acceleration of an object.

In addition to explain, assessments may require that students:

· Exemplify how each variable influences the acceleration of an object;

· Compare negative and 

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	http://www.glenbrook.k12.il.us/gbssci/phys/Class/1DKin/U1L3a.html
Suggested Data Streaming Video

Science Investigations Physical Science: Investigating Motion, Forces and Energy

2004 Discovery Channel School

Several segments focus on the ways different forces affect motion.

Speed and Acceleration

9:05
	
	positive acceleration;

· Summarize the effect of each variable on the acceleration of an object;

· Infer from experimental data the relative acceleration (greater rate of acceleration vs. lesser rate

of acceleration) of two objects;

· Interpret accelerated motion on a motion diagram;

· Illustrate accelerated motion using motion diagrams


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








Indicator:  Explain how changes in velocity and time affect the acceleration of an object.








Other Indicators Addressed: PS- 1.1, 1.5, 5.1, 5.2, 5.3
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