Physical Science
Science

Module 
PS-5.6
Forces and Motion
Lessons A-B 

Instructional Progression: knowledge: In 5th grade students use a graph to illustrate the motion of an object

(5-5.5). In 8th grade, students use measurement and time-distance graphs to represent the motion of an object in terms of its position, direction, or speed (8-5.1). In Physical Science, students will again focus only on graphs of distance vs. time, but the focus here will be for students to understand and compare the shape of distance-time graphs for a variety of different types of motion.

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

Distance/time graphs

Displacement/time graphs

Linear motion

Story graph

Content Overview:
It is essential for students to
· Construct distance/time graphs from data showing the distance traveled over time for selected types of motion (rest, constant velocity, acceleration).

· Compare the shape of these three types of graphs and recognize the type of motion from the shape of the graph.

· Discuss in words the significance of the shapes of the graphs in terms of the motion of the objects.

(1) An object at rest
Example:

[image: image1.png]Object at Rest

{

it

Elapsed | Total Distance

Time Traveled
©) (meters)
1.00 3.00
2.00 3.00
3.00 3.00
4.00 3.00

5.00 3.00

200

200

time (seconds)

400





The shape of the graph is flat, because between the 1st and 6th second there is no change in distance.
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The shape of the graph is a diagonal straight line. The object covers the same amount of distance

in each time period. As the time increases, the distance increases at a constant rate.

(3a) An accelerating object (positive acceleration or speeding up)
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The shape of the graph is a curve getting steeper because as time goes by, the object covers more distance each second than it did in the previous second so the amount that the graph goes up each second gets more and more.
(3b) A negatively accelerating object (an object slowing down)

Example:
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The shape of the graph is a curve getting flatter because as time goes by, the object covers less distance each second than it did in the previous second, so the amount that the graph goes up each second gets less and less.

It is essential for students to

· Construct distance time graphs from data that compare the motion of objects.

· Discuss the significance of the shapes of the graphs in terms of the relative motion of the objects.

(1) A comparison of two objects traveling at different speeds
Example:
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Both objects are traveling at a constant speed, but the object represented by the top line is traveling faster than the lower one. You can tell this because the amount that the graph goes up each second (which represents the amount of distance traveled) is more for the top line than for the bottom one. (The top line has a greater slope.)
(2) A comparison of two objects accelerating at different rates

Example:
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Both of the objects are accelerating, but the Series 2 object (top curve) is accelerating at a greater rate than the Series 1 object (bottom curve). Both objects cover more distance each second than they did during the previous second, but the amount of increase for series 2 is more than the amount of increase for (series 1).

(2) A comparison of two objects traveling in different directions at a constant speed (to show this, a displacement-time graph is required) 

Example:
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These are displacement-time graphs (displacement/location has distance and direction), so it shows how far each object is from the starting point after each hour. Object 1 gets farther and farther away. At the 3rd hour, object 2 turns around and comes back toward the start. The speed of each object is the same.

It is essential for a student to infer a possible story given a graph similar to this example.
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Possible explanation.

· From 0 to 3 seconds the object is traveling at a constant velocity away from the starting point.

· From 3 seconds to 5 seconds the object is not moving relative to the starting point.

· From 5 seconds to 8 seconds the object is moving at a constant velocity toward the starting point.

· From 8 seconds to 13 seconds the object is moving at a constant velocity away from the starting point, at a velocity slower than the motion from 0 to 3 seconds.

· From 13 to 15 seconds the object is not moving relative to the starting point.

· From 15 to 21 seconds the object is accelerating (speeding up) as it moves away from the starting point.

Teaching Lesson A:
Representing Constant Speed Motion in a Graph

 See Module 5.1 Part IV
Lesson time:
.5 day

Teaching Lesson B:
Walk the Line

Introduction to the lesson:
In this Lesson, you will use a graphing calculator and CBR motion detector. The goal for this Lesson is to move in such a way that your motion will match a given distance versus time line graph.
Lesson time:
.5 day
Materials Needed:
Graphing calculator (with program Ranger), Sonic ranger, Connecting cable
Essential Question:
How can student movement match a given distance versus time line graph?
Procedure
Here are a few helpful hints:

· Remember that the y-intercept represents the starting point from the motion detector

· A positive slope means that the motion is going away from the detector

· A negative slope means that the motion is going towards the detector

· A level line (slope = 0) means that the object is standing still

Example:
[image: image11.emf]Distance versus Time of a Walk

0

0.5

1

1.5

2

2.5

3

3.5

0 1 2 3 4 5 6 7 8 9 10 11 12

Time (s)

Distance (m)


Notice that the starting point is 1.0 m away from the detector. Each second, the motion gets 0.5 m farther away from the detector (the speed is 0.5 m/s). At the 4 second time, the motion stopped for 2 seconds. Then the motion is going towards the detector at a rate of 0.5 m each second (the speed is – 0.5 m/s).

Directions

1. Connect the motion detector to the graphing calculator using the connector cable.

2. Turn on the graphing calculator.

3. Press PRGM button.

4. Move the arrow keys so that the program RANGER is highlighted and press ENTER.

5. The screen will move to the home screen and will say “prgmRANGER.” Press ENTER to execute the program.

6. The screen is now at the beginning of the RANGER program. Press ENTER.

7. You are now at the MAIN MENU. Press 3, or scroll down to “3:APPLICATIONS” and press ENTER.

8. The calculator is asking whether you want the units in meters or feet. Meters should be the default setting that is highlighted. Press ENTER.

9. This is the APPLICATIONS window. The first application is “DIST MATCH.” Press ENTER.

10. The screen says: 

TRY TO MATCH THE GRAPH ON THE NEXT SCREEN

STUDY THE GRAPH THEN PRESS ENTER TO START


Press ENTER to begin.

11. This is the first graph. Study the graph being careful to note where the starting point is, whether to move away or toward the detector, and how fast to move in a given amount of time. The total time is 10 seconds.

12. Place the detector on a table where there are no objects to get in the way of your motion. 

13. Have a person stand in front of the detector at a distance indicated by the graph (y-intercept).

14. When the person is ready, press ENTER. You will hear the detector sending out sound waves to determine where you are. Try to match your motion with the line graph.

15. A line graph is created as the person moves so that you can get immediate feedback.  How successful were you? After studying the graph of your motion, press ENTER.

16. This is the OPTIONS window

1:SAME MATCH (if you want to practice the same graph)

2:NEW MATCH (if you want to try a new match)

3:APPLICATIONS

4:MAIN MENU

5:QUIT

Create Your Own D/T Graph

Directions

1. From the home screen, press PRGM.

2. Highlight RANGER and press ENTER.

3. Press ENTER to execute the program.

4. Press ENTER to begin the program

5. Press 2, or scroll down to 2:SET DEFAULTS and press ENTER.

6. This screen will tell you what the default settings are. START NOW is targeted. Press ENTER to start the program.

7. The screen says

Point CBR

AT TARGET

TO START PRESS

[ENTER] IN TI83


When you are ready to begin your motion, press ENTER.

8. Try to recreate the following motions. Draw each graph in your notebook and, using complete sentences, describe the motion you did to create each graph.  Be sure to include where you started each motion, what direction you moved (toward or away from the detector), and how you moved in terms of your speed to create the graph.  You may conduct your investigation in any order.








Assessing the Lesson:
Formative Assessment

Check work in notebook

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 
	(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–5.6 Represent the linear motion of objects on distance-time graphs.

	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.physics.montana.edu/physed/misconceptions/index.html
http://www.glenbrook.k12.il.us/gbssci/phys/Class/1DKin/U1L3a.html
http://www.physicsclassroom.com/mmedia/kinema/cnv.html


	Module 5-6
Lesson A
See Module 5.1 

Part IV
Lesson B

Walk the Line (Distance Match)


	Assessment Guidelines:
The objective of this indicator is to represent linear motion of an object on distance-time graphs, therefore, the primary focus of assessment should be to represent distance/time or displacement/time data in graph form or interpret distance/time or displacement/time graphs. The type of motion is restricted to rest, constant velocity, or constant acceleration. Students should apply their knowledge of graphical analysis of motion to any new set of data, verbal description, or graphical 

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	
	
	representation.

In addition to represent, assessments may require that students:

· Exemplify by finding a specific example of a type of graph which is appropriate for a given data

set or verbal description of motion;

· Classify the type of motion (rest, constant speed, or acceleration) by the shape of a distance time

graph;

· Summarize the shapes of graphs which represent specific types of motion;

· Compare the motion of two objects from graphical representations of their motion;

· Interpret distance/time and displacement/time graphs.


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








Indicator:  Represent the linear motion of objects on distance-time graphs.








Other Indicators Addressed: PS- 1.1, 1.2, 1.3, 1.4, 1.5, 1.9, 5.1, 5.2, 5.3, 5.4, 5.5












































