Physical Science
Science

Module 
PS-5.1
Forces and Motion
Lessons A-B

Instructional Progression: knowledge: In 5th grade, students summarized the motion of an object in terms of position, direction, and speed (5-5.2). In 8th grade, students used measurement and time-distance graphs to represent the motion of an object in terms of its position, direction, or speed (8-5.1) and also used the formula for average speed, v = d/t to solve real-world problems (8-5.2).
Physical Science requires that students expand on the idea that direction is an important aspect of the motion of an object. Students will compare the concepts of distance and displacement. The term “velocity” is used for the first time, and students will differentiate speed and velocity. The concept of how direction is an important aspect of motion is the basis for the study of vector motion in subsequent physics classes. Also, an understanding of the duel nature of velocity (speed and direction) is essential before students can understand how forces affect the motion of objects (Newton’s laws of motion).

Taxonomy level of indicator:  
2.7-B Understand Conceptual Knowledge
Key Concepts:

Distance, Direction, Displacement

Speed: Average speed, Instantaneous speed, Initial speed, Final speed

Velocity: Average velocity, Instantaneous velocity, Initial velocity, Final velocity

Rate
Content Overview:

It is essential for students to

Understand Distance and Displacement:

· Distance is a measure of how far an object has moved and is independent of direction.

If a person travels 40m due east, turns and travels 30m due west, the distance traveled is70m.

· Displacement has both magnitude (measure of the distance) and direction. It is a change of position in a particular direction. For example: 40m east is a displacement.

· Total or final displacement refers to both the distance and direction of an object’s change in position from the starting point or origin. Displacement only depends on the starting and stopping point. Displacement does not depend on the path taken.

If a person travels 40m due east, turns and travels 30m due west, the total displacement of the person is 10m east.

 If a person travels 40m east and then travels another 50m east the total displacement is 90m east.

Understand Speed:

· Speed is how fast something is going. It is a measure of the distance covered per unit of time and is always measured in units of distance divided by units of time. (The term “per” means “divided by”)

· Speed is a rate as it is a change (change in distance) over a certain period of time

· Speed is independent of direction.

· The speed of an object can be described two ways

· Instantaneous speed is “the speed at a specific instant”. Initial speed and final speed are examples of instantaneous speed. A speedometer measures instantaneous speed.

·  Average speed is “the total distance covered in a particular time period”

 If an object is traveling at a constant speed, the instantaneous speed at each point will be equal to the average speed.

If an object is traveling with varying speeds, the average speed is the total distance covered divided by the total time.

· Understand Velocity:

· Velocity refers to both the speed of an object and the direction of its motion.

· A velocity value should have both speed units and direction units, such as: m/sec north, km/h south, cm/s left, or km/min down.

·  Velocity is a rate because it is a change in displacement over a certain period of time.

·  The velocity of an object can be changed in two ways:

The speed of the object can change (it can slow down or speed up).

The direction of an object can change. (A racecar on a circular track moving at a constant speed of 100 km/h has a constantly changing velocity because of a changing direction of travel.)

· The velocity of an object can be described two ways:

Instantaneous velocity is the velocity at a specific instant. Initial velocity and final velocity are examples of instantaneous velocity.
Average velocity is the total (final) displacement in a particular time.
Teaching Lesson A:

Distance and Displacement
Introduction to the lesson:

Distance is a measure of how far an object has moved and is independent of direction. If a person travels 40m due east, turns and travels 30m due west, the distance traveled is70m. Displacement has both magnitude (measure of the distance) and direction. It is a change of position in a particular direction. For example: 40m east is a displacement.

 Lesson time:
1 day
Materials Needed:
Meter stick or measuring tape per pair of students

Compass

Essential Question:
How do distance and displacement differ?

Procedure:
1. Using the compass, identify a wall that is most closely aligned to the north. Identify each of the walls as facing north, east, south, and west. 

2. Students are in pairs or teams of three.

3. Mark a starting point on the floor.

4. Using a meter stick, move in the directions indicated in the following chart, First Move and Second Move.

5. Measure the distance traveled by adding all the distance traveled in both motion 1 and motion 2.

6. Measure the displacement by measuring the distance from the starting point to the final destination point.

	
	First Move
	Second Move
	Distance (m)
	Displacement

	1
	Move 4 meters east
	Move 2 meters west
	6
	2 m east

	2
	Move 4 meters north
	Move 2 meters south
	
	

	3
	Move 2 meters east
	Move 4 meters west
	
	

	4
	Move 5 meters east
	Move 5 meters west
	
	

	5
	Move 5 meters south
	Move 2 meters north
	
	

	6
	Move 10 meters west
	Move 3 meters east
	
	

	7
	Move 3 meters east
	Move 4 meters north
	
	

	8
	Move 6 meters east
	Move 8 meters south
	
	

	9
	Move 9 meters north
	Move 12 meters west
	
	


7. Draw each of the motions above on paper using a scale of 1cm = 1m. A dot indicates the starting point. Draw a line to scale with an arrow at the head to represent the distance and direction of the first move. Starting at the end of  the first move, draw a second line and arrow that represents the distance and direction of the second move. For example,

4 meters east and 2 meters west

                                  Start
      End        Motion 1

8. 
Compare the displacement obtained working in teams to the displacement obtained on paper.
Assessing the Lesson:

Formative Assessment

Reflecting Questions

1. The difference between distance and displacement is that

A. displacement is always the same as distance.

B. displacement is never the same as distance. 

C. displacement is a measure of how far away the starting point is from the stopping point and distance is a measure of the total distance traveled.

D. displacement is a measure of the total distance traveled and distance is a measure of how far away the starting point is from the stopping point.

2. Explain how the rules of adding positive and negative numbers can be used to calculate some types of displacement? Which types?

3. Based on the investigation above, create a Venn diagram that illustrates times when distance and displacement are similar and when they are different.

Teaching Lesson B
Constant Speed Motion


Introduction to the Lesson:

We all have various experiences with distance, time, and speed. There are, however, many misconceptions students may have with understanding the inter-relationships among distance, time, and speed. Additionally, it is sometimes difficult to understand how motion is represented in a data table, pictures and drawings, and graphs. Therefore, the purpose of this section is to give participants an understanding of the relationship among distance, time, and speed through actual experiences, and how they are commonly represented. Given a realistic scenario, students should be able to represent the scenario through data tables, drawings, and graphs. Students must also be able to see each interconnections. For example, given a graph, the students should be able to understand how it is represented in a data table and drawing, and describe the scenario.

Lesson Time:

3 days
Materials Needed:
Meter stick, Stop watch (or someone who can clap at one second intervals)
Essential Question:
How are distance, time, and speed related and how can the relationships be represented in a data table, on a dot motion diagram and on a graph?

Procedure:
Part I
Constant Speed

Motion 1. Go 0.5 meter each second for 6 seconds.

· What was the pace (speed) of this motion (slow, medium, or fast)?
 ________________

· What is the distance traveled after 6 seconds?

________________

· How many seconds do you think that it would take to go 12 m?

________________

Motion 2. Go 1.0 meter each second for 6 seconds.

· What was the pace (speed) of this motion (slow, medium, or fast)?
 ________________

· What is the distance traveled after 6 seconds?

________________

· How many seconds do you think that it would take to go 12 m?

________________

Motion 3. Go 2.0 meters each second for 6 seconds.

· What was the pace (speed) of this motion (slow, medium, or fast)?
 ________________

· What is the distance traveled after 6 seconds?

________________

· How many seconds do you think that it would take to go 12 m?

Part II 

 Representing Constant Speed on a Dot Motion Diagram
Place a dot that represents where you are at each second for each of the motions, starting at the zero time and starting point and where you are at 6 seconds.
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Part III

Representing Constant Speed Motion in a Data Table

Procedure:

In the space below, create one data table that includes data for motion 1, 2, and 3 in which time is the independent variable and distance is the dependent variable.  Use the following guidelines when creating the data table. Hint: it may be easier to refer to your dot diagram to complete the table.

a.   The first column lists independent variable data. Objects are usually listed in ascending order according to the independent variable, which is usually placed on the X axis.

b.  The second column lists dependent variable data that corresponds with the independent data. This is data that is generally placed on the Y axis. Additional dependent variable data can be added by including additional columns (i.e., Distance1, Distance 2, Distance 3). Note that there is only one independent variable.

c.  Enter the data – numbers only – in the data table so that the data from the X variable is listed in ascending order. Time should be listed in seconds, each second, up to 6 seconds.  Enter the corresponding data for the Y1, Y2, Y3 variable.

d.  Label each column and include the proper units in parentheses or where appropriate.

e.   Data table needs a title.

	Time (s)
	Distance 1 (m)
	
	

	0
	0
	
	

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	
	
	
	


Part IV
Representing Constant Speed Motion in a Graph
Procedure:

On graph paper, create one distance versus time graph that represent the three motions. 

Use the following guidelines when creating the graphs.

a.  Directions for a graph are given in the format of Y-axis versus X-axis.  In this case, the _____________ is on the Y-axis and the ______________ is on the X-axis.

b.  The data should fill at least slightly more than half the graph.

Examples:






	Data does not extend more than half way across X or Y-axis.
	Data extends more than half way across the Y-axis but not more than half way across the X-axis.
	Data extends more than half way across the X-axis but not more than half way across the Y-axis.
	Data extends more than half way across the X and Y-axis


c.  The graph should include a title with labels and units (units are usually in parentheses) for BOTH the X and Y-axis. 

d.  Data points should be accurately placed for each motion.

e.  Draw a line of best fit through the data points for each motion.

[image: image1.emf]
Part V
Representing Constant Speed Motion Algebraically
Procedure

Based upon looking at our graphs, there appears to be a relationship between the distance and time of our motion.  













             Distance 

             (meters)









Time (seconds)

	Remember in math class that a linear relationship can be represented by the equation y = mx+b, where y is the dependent variable (in this case, distance), x is the independent variable (in this case, time), and b is the slope intercept (in this case the motion started at distance = 0). But what does the slope (m) represent? The slope represents the rate at which y changes as x changes.

When we look at the rate at which something is changing position, we talk about its speed (v). The slope of the line tells us the rate at which the position is changing.


	                           y =  m x + b 

                            b = 0
                           y =  m x + 0
                            y =  m x

                            d =  v t

 

	
	







d = v t

You’ll never have to memorize the equation again!

 The equation can be re-arranged to solve for the speed (v) or time (t). The three useful equations that relate distance, time, and speed of an object are

	
d = v t


	This says that the distance (d) is equal to the speed (v) multiplied times the time (t).

	
v = d/t


	This says that the speed (v) is equal to the distance (d) divided by the time (t). It may also look like this:
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t = d/v


	This says that the time (t) is equal to the distance (d) divided by the speed (v). It may also look like this:
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Assessing the Lesson:

Formative Assessment

Part I
Reflecting Questions

1. The difference between distance and displacement is that

A. displacement is always the same as distance.

B. displacement is never the same as distance. 

C. displacement is a measure of how far away the starting point is from the stopping point and distance is a measure of the total distance traveled.

D. displacement is a measure of the total distance traveled and distance is a measure of how far away the starting point is from the stopping point.

2. Explain how the rules of adding positive and negative numbers can be used to calculate some types of displacement? Which types?

3. Based on the investigation above, create a Venn diagram that illustrates times when distance and displacement are similar and when they are different.
Part II

Reflecting Questions

1. What pattern do the dots make with each motion when speed is constant?

________________________________________________________
2. Compare the distance between the dots in Motion 1, 2, and 3. What happens to the distance between the dots as the speed increases?

________________________________________________________
3. What happens to the distance between the dots as the speed decreases?

________________________________________________________
4. At what speed (slow, medium, or fast) can you go a greater distance in the same amount of time?
Part III
Reflecting Questions

1. What numerical pattern do you see in the distances of Motion 1? 

2. What numerical pattern do you see in the distances of Motion 3? 

3. Create a Venn diagram to illustrate the similarities and differences do you see in the numerical pattern of the distances of Motion 1 compared to Motion 3?  
Part IV

Reflecting Questions

1. What is the relationship between the slope of the line and the speed of the motion?

2. Observe the line of best fit for Motion 1. What is the pattern between each of the data points going up the Y-axis and over the X-axis?

3. In math class, you learned that the slope of a line is equal to change in Y over change in X, or
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What is the slope of the line of the three motions?

Motion 1 ________

Motion 2 ________

Motion 3 ________

4.
How is the slope of the line of Motion 1 that you calculated in question #3 related to the pattern you observed in question #2?

Part V
Reflecting Questions

1. Calculate the speed of each of the motions.

Motion 1 ________

Motion 2 ________

Motion 3 ________

2. What is the slope of the line on a distance versus time graph equal to?

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:  4
	(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–5.1 
Explain the relationship among distance, time, direction, and the velocity 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)
Suggested Data Streaming Video

Science Investigations Physical Science: Investigating Motion, Forces and Energy

Speed and Acceleration
http://www.glenbrook.k12.il.us/gbssci/phys/Class/1DKin/U1L1c.html 
http:// 

	Module 5-1
· Lesson A

· Distance and Displacement

· Lesson B
· Motion at a Constant Speed
· Part I

· Constant Speed

· Part II

· Representing Constant Speed on a Dot Motion Diagram

· Part III
·  Representing Constant Speed Motion in a Data Table
· Part IV
· Representing Constant Speed Motion in a Graph

Part V

Representing Constant Speed Motion Algebraically


	The objective of this indicator is to explain the relationship among distance, time, direction, and the velocity of an object, therefore, the major primary focus of assessment should be to construct a cause

and effect models relating how each variable affects the motion of the object, as well as the effect of combinations of variables on motion.

In addition to explain, assessments may require that students:

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

· Compare distance to displacement and velocity to 

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	http://www.upscale.utoronto.ca/GeneralInterest/Harrison/Flash/ClassMechanics/DisplaceDistance/DisplaceDistance.html
http://www.physics.montana.edu/physed/misconceptions/position/tied/discover.html 

http://www.glenbrook.k12.il.us/gbssci/phys/Class/1DKin/U1L2b.html
http://www.glenbrook.k12.il.us/gbssci/phys/Class/1DKin/U1L1d.html
http://www.ddart.net/science/physics/physics_tutorial/mmedia/kinema/stl.html
http://www.ddart.net/science/physics/physics_tutorial/mmedia/kinema/fs.html
	
	speed;

· Summarize the effect of each variable separately or in combination on the motion of an object;

(speed, velocity, time, distance, or displacement)

· Infer from experimental data the relative speed or velocity of an object (faster vs. slower);

· Illustrate in words pictures or diagrams the effect of these variables on the motion of an object.
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Standard: The student will demonstrate an understanding of the nature of forces and motion.








Indicator: Explain the relationship among distance, time, direction, and the velocity of an object.








Other Indicators Addressed: PS- 1.1,1.2, 1.3, 1.5, 1.9
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