
Kinematics

Kinematics
Cycle 1

Distance, Direction & Time


Cycle 2

What is the Meaning of Velocity?
Cycle 3

How Many Ways Can Velocity Be Changed?

1. Engage: 

How Do We Describe Motion?


1. Engage: 

Comparing Flights 
1. Engage: 

When the Speed is Not Constant

2. Explore: 

What Can We Find Out About Motion?


2. Explore: 

How Fast is Your Car?
2. Explore: 

Measuring Acceleration

3. Explain: 

Measuring Distance and Direction


3. Explain: 

What is Speed?
3. Explain: 

Three Ways to Change Velocity

4. Explain: 

Distance vs. Displacement


4. Explain: 

Is the Speed Constant?
4. Elaborate: 

What Have We Learned about Acceleration?

5. Explain: 

Displacement Is a Vector


5. Explain: 

Mystery Walks II

Velocity vs Time Graph  


5. Evaluate: 

Air Pucks II

6. Explain: 

Vector Addition (HW Activity)


6.Explain: 

Graphing Speed

Speed vs. Distance Graph
6. Evaluate: 

Acceleration Measured

7.Explain: 

Mystery Walks I

Position Vs Time Graph
7. Explain: (Optional)

What Does the Graph Represent? 


7. Extend: 

Accelerometer 



8. Elaborate: 

What Have We Learned about Distance, Direction, & Time?


8. Explain: 

Velocity Isn’t Speed


9. Evaluate: 

Can You Give Good Directions?
9. Explain: 

Mystery Walks III  

v-t Graphs & Scenarios 


10. Evaluate: 

Your Mystery Walk


10. Elaborate: 

What Have We Learned about the Meaning of Velocity?


11.Extend: 

Sonic Rangers; 

Matching d-t Graphs
11 Evaluate: 

Speed Vs Velocity & 

Average Vs Instantaneous



12. Extend: 

Matching Velocity/Time Graphs


Cycle 1 – Distance, Direction & Time


1.   ENGAGE: How Do We Describe Motion?

2.   EXPLORE: What Can We Find Out about Motion?


3.   EXPLAIN: Measuring Distance and Direction


4.  EXPLAIN: Distance vs. Displacement


5.  EXPLAIN: Distance Is a Vector


6.  EXPLAIN: Vector Addition (HW Activity) 


7.  EXPLAIN: Mystery Walks I (Position vs Time Graphs)

8.  ELABORATE: What Have We Learned about Distance, Direction & Time?

9.  EVALUATE: Can You Give Good Directions?


10. EVALUATE: Your Mystery Walk


11. ENTEND: Sonic Rangers: d-t Graphs

Cycle 2 – What is the Meaning of Velocity?


1.  ENGAGE: Comparing Flights


2.  EXPLORE: How Fast is Your Car?


3.  EXPLAIN: What is Speed?


4.  EXPLAIN: Is the Speed Constant?


5. EXPLAIN: Mystery Walks II (Velocity vs. Time Graph)

6. EXPLAIN: Graphing Speed (Speed vs. Distance Graph)


7. EXPLAIN: (Optional) What Does the Graph Represent?

8.  EXPLAIN: Velocity Isn’t Speed


9. EXPLAIN Mystery Walks III (v-t Graphs & Scenarios)


10.  ELABORATE: What is the Meaning of Velocity


11 EVALUATE: Speed vs. Velocity and Average vs. Instantaneous)


12. EVALUATE: Matching Velocity/Time Graphs

.  
Cycle 3 – How Many Ways Can Velocity Be Changed?


1.  ENGAGE: When is Speed Not Constant?


2.  EXPLAIN: Measuring Acceleration (Zip-Line Demo)


3.  EXPLAIN: Three Ways to Change Velocity


4.  ELABORATE: What Have We Learned about Acceleration?


5.  EVALUATE: Air Pucks


6. EVALUATE: Air Pucks II


7. EXTEND: Accelerometer

Cycle 1 – Distance, Direction & Time

1. ENGAGE: How Do We Describe Motion? 

Students are asked to think of ways to describe motion and what qualities are used to describe motion. This is a simple activity used solely to brainstorm ways to represent motion with or without words.  Before working with kinematics it is necessary to determine students’ basic knowledge of various dynamics of objects in motion. As descriptions and qualities of kinematics are shared listen closely and guide students in more fully describing in areas that will help set up for the rest of the cycle.  Purpose is to pinpoint/bring up distance, time, and direction as quantities necessary to describe motion.

2. EXPLORE: What Can We Find Out about Motion 

As the instructor guides students in sharing their “Ideas about Kinematics” and” Questions about Kinematics” an assistant should record student responses on the prepared lists.  These lists should be posted in highly visible spot.  The ideas and questions will be revisited during the course of the class so students can see if their questions have been answered or their ideas have changed.

3. EXPLAIN: Measuring Distance and Direction

Students are asked to estimate distances (width of their finger, height of the room, etc).  Estimates are then checked using a meter stick.  Similarly, students are asked to set up a coordinate system and determine the directions from where they are to points in the room.  The need to accurately define time is also explored.  Estimates are checked with a large protractor. (A compass may also be used for this activity.)  A discussion of displacement unites the concepts in this activity.

4. EXPLAIN: Distance vs. Displacement

Students are asked to use a simple map to determine distance from one location to another.  Some may determine mileage only and some may include direction.  Comparison of answers will allow students to see that more information may be needed.

5 .EXPLAIN Displacement Is a Vector

Students are asked to look more closely at displacement; in magnitude and vectors.

6. EXPLAIN: Vector Addition (Homework Assignment)

Students use rulers and triangles to determine resultant displacements.

7.  EXPLAIN: Mystery Walks I  (Position vs Time Graphs)

This activity, adapted from Patterns of Change (5th grade unit from Investigations in Number, Data, and Space) has been designed for students to discover and clarify their own ideas about graphing relationships between two variables.  Students share their interpretations of the Mystery Walks through their graphs.  This will allow for discussions on different graphing strategies as well as reflections on the advantages and disadvantages of each type of graph.

8. ELABORATE: What Have We Learned about Distance, Direction & Time

Students try to make sense of what they have learned by writing important ideas on large chart paper or white boards.  They also review questions they have about distance, direction, and time.  Throughout the module, these lists will be addressed.

9.  EVALUATE: Can You Give Good Directions?
One member of each team is asked to leave the room while the remaining members measure the direction and distance from the doorway to an object in the room and write results on a card.  The missing member is then given the card, a protractor, and a meter stick and will attempt to identify which object was chosen. 

10. EVALUATE: Your Mystery Walk

Students create their own Mystery Walk and prepare Distance-Time graphs to match.  This can be done as homework.  In class, have another student act out the student-prepared Mystery Walk, using only the written “story.”

11. EXTEND: Matching D--T Graphs


Graphing calculators and the program “Sonic Rangers” are used to create Distance-Time Graphs

Cycle 2 – What is the Meaning of Velocity?

1. ENGAGE: Comparing Flights

Before working with velocity, it is necessary to determine students’ basic knowledge of the difference between speed, average speed and velocity.

2. EXPLORE: How Fast is Your Car?

Each team is given a toy electric car that travels at a relatively constant speed.  Using a meter stick and stopwatch, they are asked to design and conduct an experiment to measure the car's speed.  The results are compared to determine which team’s car was the fastest.  As each team may have used a different definition of speed (the time to go a set distance, time/distance, etc.) or different units, the comparison may be difficult.  This leads to the necessity for a uniform definition of speed and the opportunity to introduce it.
3. EXPLAIN: What is Speed?

Each team is given a toy electric car that travels at a relatively constant speed.  Using a meter stick and stopwatch, they are asked to design and conduct an experiment to measure the car's speed in m/s are then compare results to determine which team’s car was the fastest having used the same units of measurement.  Students then estimate and compare speeds in SI units (m/s) in different scenarios.

4.  EXPLAIN: Is the Speed Constant?

Students are asked to determine the speed of a "pull back" type toy car that is released on a horizontal surface.  Because these cars slow down as they travel, they can be used to illustrate the concept of average speed.  By encouraging the students to break the trip into smaller segments, the concept of instantaneous speed is explored.  A discussion of average and instantaneous speed in the story "The Tortoise and the Hare" serves as a follow-up.

5. EXPLAIN: Mystery Walks II (Velocity vs. Time Graphs)

This activity, adapted from Patterns of Change (5th grade unit from Investigations in Number, Data, and Space) has been designed for students to discover and clarify their own ideas about graphing relationships between two variables.  Students share their interpretations of the Mystery Walks through their graphs.  This will allow for discussions on different graphing strategies as well as reflections on the advantages and disadvantages of each type of graph.
6.  EXPLAIN: Graphing Speed (Speed vs Time Graphs)

Students go outside or to a long corridor to measure the distance and time of people as they run a 25-meter course.  Timers are stationed every 5 meters and they measure the time from the beginning spot to their location.  This produces a data table of distance and time that can be graphed.  By having different people run different ways (constantly slow, constantly fast, speeding up, slowing down) students can compare the raw data, the graphs, and the speeds over different segments. 

7 EXPLAIN: What Does the Graph Represent? (Optional)

This activity has been designed for students to discover basic concepts of graphs.   Many mathematical ideas can be expressed graphically; however students must be comfortable with qualitative graphs as a method of representing data.  

8.  EXPLAIN: Velocity Isn’t Speed

This activity, which has students walk in different directions, emphasizes the difference between speed and velocity.

9. EXPLAIN: Mystery Walks III (v-t Graphs & Scenarios)

Teams prepare a velocity vs. time graph for an assigned Mystery Walk scenario.  Graphs are shared with the whole class and strategies are discussed.

10.  ELABORATE: What Have We Learned about the Meaning of Velocity?

Ideas and Questions about Kinematics are, modified, and discussed.  Science and Math Ideas developed in the cycle are solidified by the instructor.  Reading assignments may be assigned.

11.  EVALUATE: Speed vs. Velocity and Average vs Instantaneous Speed

The Engage activity (Comparing Flights) is revisited, this time answered with explanations Scenarios are presented and proper labels are requested. Sonic Rangers is again used to make a Velocity match. 

12. EXTEND: Matching Velocity/Time Graphs


Given V-t diagrams, students need to draw corresponding d-t diagrams and visa versa.

Cycle 3 – How Many Ways Can Velocity Be Changed?

1. ENGAGE: When the Speed is Not Constant

Students revisit previous activities, looking more closely at how speed changes and at what rate.  Testable questions allow for further exploration about speed. This activity causes thought about how quickly speed changes and what some of the causes might be.
2.  EXPLORE: Measuring Acceleration (Zip-Line Demo)
How acceleration can be calculated is developed by using a zip-line (weight on a pulley that travels across the room on an inclined string).
3.  EXPLAIN: Three Ways to Change Velocity

The students discover how to change velocity by increasing speed, decreasing speed, or turning. 

4.  ELABORATE: What Have We Learned about Acceleration?

Ideas and Questions about Kinematics are modified, and discussed. Science and Math Ideas developed in the cycle are solidified by the instructor.  Reading assignments may be assigned.

5.  EVALUATE: Air Pucks II


Students calculate the acceleration of air pucks as they travel up or down an inclined plane.

6. EVALUATE: Acceleration Measured

Students feel and describe acceleration by jumping off a chair or throwing a ball.  v-t and a-t graphs can then be created to graphically illustrate.

7. EXTEND: Accelerometers

Students create pop bottle accelerometers and use electronic accelerometers with graphing calculators to illustrate acceleration

Kinematics

Cycle 1: 

Distance, Direction, & Time

STUDENTS’ OBJECTIVE:

To share current ideas about Kinematics.

KEY IDEAS:

· Kinematics is the study of motion of objects
· Motion can be described by words, diagrams, numbers, graphs and equations.

TIME SUGGESTED: 5-10 minutes

MATERIALS:

For each student:

Optional:

· Whiteboards or chart paper 

· Markers

OVERVIEW: 

Having viewed the Story Line Introduction, students are asked to think of ways to describe motion and what qualities are used to describe motion. This is a simple activity used solely to brainstorm ways to represent motion with or without words.  Before working with kinematics it is necessary to determine students’ basic knowledge of various dynamics of objects in motion. 
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PROCEDURE:

As descriptions and qualities of kinematics are shared listen closely and guide students in more fully describing in areas that will help set up for the rest of the cycle.  Purpose is to pinpoint/bring up distance, time, and direction as quantities necessary to describe motion.

ANSWERS & SUGGESTIONS:

#1, #4. Drawings, symbols, sounds, or physical demonstrations can be expected.

Instructor’s Notes:




STUDENT OBJECTIVES:

To explore their current ideas and questions about Kinematics

KEY IDEAS:

· Kinematics is the study of motion of objects
· Motion can be described by words, diagrams, numbers, graphs and equations.

TIME SUGGGESTED: 5 minutes

MATERIALS:

For whole group:

· Whiteboards or charts on which to write “Ideas about Kinematics”  and “Questions about Kinematics”

OVERVIEW:

This is an opportunity to record student’s current ideas and questions about Kinematics.
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PROCEDURE: 

Encourage creativity 

As the instructor guides students in sharing their “Ideas about Kinematics” and” Questions about Kinematics” an assistant should record  student responses on the prepared lists.  These lists should be posted in highly visible spot.  The ideas and questions will be revisited during the course of the class so students can see if their questions have been answered or their ideas have changed.

ANSWERS & SUGGESTIONS:

#1 and #2 Provide students with whiteboards or chart paper and markers to record their ideas and questions in complete sentences.  Allow groups, in turn, to share their ideas and to question the ideas of others.

Instructor’s Notes:

STUDENTS’ OBJECTIVE:

To discover the concepts of distance and direction, as well as the means of measuring them.

KEY IDEAS:

SCIENCE IDEAS
· Reference Point: The position of an object can be described by locating it relative to another object or the background. 

· Distance and direction must be defined, and a means of measuring them need to be determined in order to accurately describe motion.

· Displacement: 

MATH IDEAS

· Estimation

· Using metric measurement

· Unit conversions

· Appropriate tools to determine measurement

· Create and use representations to organize, record, and communicate mathematical ideas.

· Select, apply, and translate among mathematical representations to solve problems,

· Use representations to model and interpret physical, social, and mathematical phenomena. (Grades PreK-12)

· Understand measurable attributes of objects and the units, systems, and processes of measurement,

· Apply appropriate techniques, tools, and formulas to determine measurements,

· Understand measurable attributes of objects and the units, systems, and process of measurement,

· Apply appropriate techniques, tools, and formulas to determine measurements.

TIME SUGGGESTED: 15 minutes

MATERIALS:

For each group: 

· Meter sticks

· Protractors (large, blackboard type is best)

OVERVIEW:

Students are asked to estimate distances (width of their finger, height of the room, etc.).  Estimates are then checked using a meter stick.  Similarly, students are asked to set up a coordinate system and determine the directions from where they are to points in the room.  Estimates are checked with a large protractor.  (A compass may also be used for this activity.)  A discussion of displacement unites the concepts in this activity.
ANSWERS & SUGGESTIONS:

#1. If the class has knowledge of what a meter and a centimeter are, no introduction is needed.  If not, you should introduce these units using the meter stick.  Discuss the difference between as estimate and a guess.  The purpose of this short activity is not to see if students can define the meter and the centimeter but to give them an opportunity to “feel” them.  Allow the students to use either centimeters or meters and let them discover if one or another is better for a particular measurement, as well as how they can be converted to each other.

#2. People often find longer distances harder to measure.

#4. Unit conversions will vary according to units chosen in #1-3.

#5. Direction 

#6. To measure direction one needs a reference point, and an instrument to measure an angle from a reference direction.  Optional: “From your desk use a large protractor”

Students often suggest a compass.  These can be used, but inside buildings they often are not reliable.  Iron in the structure can cause them not to point to magnetic north.  A simple solution is to use a protractor (the large blackboard type works well) and line it up with the walls of the room.  If the floor of the room is made up of square tiles whose edges are parallel to the walls it is eve easier.  For the sake of discussion the direction to the front of the room can be given a name (it could even be called north) and all directions would be measured from this direction.  The objective is for the students to experience what is required to define direction.  Do no be surprised if many of the students do not know how to read a compass or a protractor.

#7. Displacement should be discussed.

ROUND-UP DISCUSSION:


Facilitated by Instructor
If time permits, you may want to mention the sport of “orienteering” and describe how the competitors make distance and direction measurements to find their way 

from one checkpoint to the next as they navigate an obstacle course.  One or more students may be familiar with orienteering and able to describe the experience.


Another interesting aside is to look at historical issues, such as the once daunting problem of measuring longitude.  This was the topic of an excellent NOVA video, “Lost at Sea: The Search for Longitude,” based upon the book of the same title by David Sobel.  For script, viewing information, interactive online activities, and teacher resources, go to www.pbs.org/wgbh/nova/

Because the solution to the longitude problem involved the use of time, this makes a nice tie-in to the activity that directly follows.


[image: image3.png]Mo s e
iyt s st s s o, s 20
==

ot
e
i
T

2 g s sty i, S vyt om s s

oot
ERE
s
iy

4 o e o s i i s st s 1 i
oy

ot 3
ot 3

£ Tyon s donmion et i g e s
bt g oo et s




STUDENTS’ OBJECTIVE:

To discover the concepts of distance, direction and displacement

KEY IDEAS:

SCIENCE IDEAS
· Reference Point: The position of an object can be described by locating it relative to another object or the background. 

· Distance and direction must be defined, and a means of measuring them need to be determined in order to accurately describe motion.

· Displacement: 

MATH IDEAS

· Estimation

· Using metric measurement

· Unit conversions

· Appropriate tools to determine measurement

· Create and use representations to organize, record, and communicate mathematical ideas.

· Select, apply, and translate among mathematical representations to solve problems,

· Use representations to model and interpret physical, social, and mathematical phenomena. (Grades PreK-12)

· Understand measurable attributes of objects and the units, systems, and processes of measurement,

· Apply appropriate techniques, tools, and formulas to determine measurements,

· Understand measurable attributes of objects and the units, systems, and process of measurement,

· Apply appropriate techniques, tools, and formulas to determine measurements.

TIME SUGGGESTED: 15 minutes

MATERIALS:

For each group: 

· Meter sticks

· Protractors (large, blackboard type is best)

OVERVIEW:

Students are asked to use a simple map to determine distance from one location to another.  Some may determine mileage only and some may include direction.  Comparison of answers will allow students to see that more information may be needed.
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PROCEDURE: As outlined
ANSWERS & SUGGESTIONS:

#2. Answers vary.  Some students may simply add specific miles given (9 miles)

#3. Comparisons will show some students included direction.  Some might take trip (land) distance and some air distance.

#6. Guidance may be needed.


STUDENTS’ OBJECTIVE:

To discover the concepts of distance, direction and displacement and vectors

KEY IDEAS:

SCIENCE IDEAS
· Reference Point: The position of an object can be described by locating it relative to another object or the background. 

· Distance and direction must be defined, and a means of measuring them need to be determined in order to accurately describe motion.

· Displacement: 

· Vector:

MATH IDEAS

· Estimation

· Using metric measurement

· Unit conversions

· Appropriate tools to determine measurement

· Create and use representations to organize, record, and communicate mathematical ideas.

· Select, apply, and translate among mathematical representations to solve problems,

· Use representations to model and interpret physical, social, and mathematical phenomena. 

· Understand measurable attributes of objects and the units, systems, and processes of measurement,

· Apply appropriate techniques, tools, and formulas to determine measurements,

· Understand measurable attributes of objects and the units, systems, and process of measurement,

· Apply appropriate techniques, tools, and formulas to determine measurements.

TIME SUGGGESTED: 15 minutes

MATERIALS:

For each group: 

· Meter sticks

· Protractors (large, blackboard type is best)

OVERVIEW:

Students are asked to look more closely at displacement; in magnitude and vectors.
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PROCEDURE: As outlined
ANSWERS & SUGGESTIONS:

#2. Force, velocity, electric and magnetic field

#3.Temperature, distance, energy …

#4.  A vectors can be added and subtracted but the procedure is not the same as with addition and subtraction of scalars because with a vectors we have to take into consideration the direction as well as magnitude.

#5.




#6.



#7. Yes

#8.





STUDENTS’ OBJECTIVE:

To discover the concepts of distance, direction and displacement and vectors

KEY IDEAS:

SCIENCE IDEAS
· Reference Point: The position of an object can be described by locating it relative to another object or the background. 

· Distance and direction must be defined, and a means of measuring them need to be determined in order to accurately describe motion.

· Displacement: 

· Vector:

MATH IDEAS

· Using metric measurement

· Unit conversions

· Appropriate tools to determine measurement

· Create and use representations to organize, record, and communicate mathematical ideas.

· Select, apply, and translate among mathematical representations to solve problems,

· Use representations to model and interpret physical, social, and mathematical phenomena. 

· Understand measurable attributes of objects and the units, systems, and processes of measurement,

· Apply appropriate techniques, tools, and formulas to determine measurements,

· Understand measurable attributes of objects and the units, systems, and process of measurement,

· Apply appropriate techniques, tools, and formulas to determine measurements.

TIME SUGGGESTED: 15 minutes

MATERIALS:

For each group: 

· Rulers

· Triangles

PROCEDURE: As outlined
OVERVIEW:

Students use rulers and triangles to determine resultant displacements.
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STUDENTS’ OBJECTIVE:

To discover relationships between position and time

KEY IDEAS:



SCIENCE IDEAS:

· The position of an object can be described by locating it relative to another object or the background. 

· Distance, direction, and time must be defined, and a means of measuring them need to be determined in order to accurately describe motion.

MATH IDEAS:

· Create and use representations to organize, record, and communicate mathematical ideas.

TIME SUGGESTED: 15 minutes
MATERIALS:

For each group:

· Position and Time Graph

OVERVIEW:

This activity, adapted from Patterns of Change (5th grade unit from Investigations in Number, Data, and Space) has been designed for students to discover and clarify their own ideas about graphing relationships between two variables.  Students share their interpretations of the Mystery Walks through their graphs.  This will allow for discussions on different graphing strategies as well as reflections on the advantages and disadvantages of each type of graph.
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PROCEDURE:

Give each group of students one Position and Time graph.  . If students are not familiar with graphing lines, it may be beneficial to place a graph on the overhead.  Once they have completed the graphs, students post their graphs on the wall.

ANSWERS & SUGGESTIONS:

#1. Refer back to Engage activity.

#2. Compare student graphs. Ask students to describe the walk based on the graph.

#3. Select a student to volunteer to walk.  Have the student act out the Mystery in #2.


STUDENTS’ OBJECTIVE:

To refine the concepts of distance, direction, and time, as well as the means of measuring them.

KEY IDEAS:

SCIENCE IDEAS

· Kinematics is the study of motion of objects
· Motion can be described by words, diagrams, numbers, graphs and equations
· Distance, direction, and time must be defined, and a means of measuring them need to be determined in order to accurately describe motion.

· Reference Point: The position of an object can be described by locating it relative to another object or the background. 

· Displacement: 

· Vector:

MATH IDEAS

· Create and use representations to organize, record, and communicate mathematical ideas.

· Select, apply, and translate among mathematical representations to solve problems,

· Understand measurable attributes of objects and the units, systems, and processes of measurement,

· Apply appropriate techniques, tools, and formulas to determine measurements

· Use representations to model and interpret physical, social, and mathematical phenomena

· Estimation

· Using metric measurement

· Unit conversions

· Appropriate tools to determine measurement

· Use representations to model and interpret physical, social, and mathematical phenomena. (Grades PreK-12)

TIME SUGGESTED: 10 minutes
MATERIALS: No materials

OVERVIEW:

Students try to make sense of what they have learned by writing important ideas on large chart paper or white boards.  They also review questions they have about distance, direction, and time.
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PROCEDURE:

This is the time to address previous activities of the cycle, refining the concepts developed, assessing student misunderstanding that may have surfaced and reinforcing the vocabulary.

ANSWERS & SUGGESTIONS:

#1. The concepts of distance, direction and time and math ideas, as developed in the cycle are discussed and clarified.

Ideas that students should recognize include the following: 

Distance, direction, and time must be defined, and a means of measuring them needs to be determined in order to accurately describe motion

#2. “Questions about Kinematics” are elicited, modified and discussed.  Throughout the workshop, these lists will be addressed.

STUDENTS’ OBJECTIVE:

To apply the concepts of distance, direction, and time, and demonstrate a means of measuring them.

KEY IDEAS:

SCIENCE IDEAS

· The position of an object can be described by locating it relative to another object or the background.

· Distance, direction, and time must be defined, and a means of measuring them need to be determined in order to accurately describe motion.

MATH IDEAS

· Estimation

· Using metric measurements

· Using appropriate tools to determine measurement

· “Select, apply, and translate among mathematical representations to solve problems,

· Use representations to model and interpret physical, social, and mathematical phenomena.” 

· Apply appropriate techniques, tools, and formulas to determine measurements,

· Understand measurable attributes of objects and the units, systems, and processes of measurement,

· Apply appropriate techniques, tools, and formulas to determine measurements.” 

TIME SUGGESTED: 15-20 minutes
MATERIALS:

· Meter stick

· Large protractor

· String

· Masking tape

· Chart paper

OVERVIEW:

One member of each team is asked to leave the room while the remaining members measure the direction and distance from the doorway to an object in the room and write it on a card.  The missing member is then given the card, a protractor, and a meter tape and will attempt to identify which object was chosen. 
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PROCEDURE:

Assemble groups.  One member is dismissed from the room while remaining members develop directions for locating a specific spot in the room. Assign each group a different object/destination point  in the room.  If the total number of students is large, groups could be assigned different starting points.  You might mark the starting point by making an X with masking tape on the floor.

ANSWERS & SUGGESTIONS:

#1. Circulate and answer questions raised without actually doing it for a group.  Expect that some groups may require help because this may be their first experience in actually using a compass or protractor to measure direction.
#2. Remind students that no verbal or nonverbal cues can be given.  Only the written directions (previously prepared by themselves) can be used.


STUDENTS’ OBJECTIVE:

To apply the concepts of distance, direction, and time, and demonstrate a means of measuring them.

KEY IDEAS:

SCIENCE IDEAS

· The position of an object can be described by locating it relative to another object or the background.

· Distance, direction, and time must be defined, and a means of measuring them need to be determined in order to accurately describe motion.

MATH IDEAS

· Estimation

· Using metric measurements

· Using appropriate tools to determine measurement

· “Select, apply, and translate among mathematical representations to solve problems,

· Use representations to model and interpret physical, social, and mathematical phenomena.” 

· Apply appropriate techniques, tools, and formulas to determine measurements,

· Understand measurable attributes of objects and the units, systems, and processes of measurement,

· Apply appropriate techniques, tools, and formulas to determine measurements.” 

TIME SUGGESTED: 15- minutes



(Part can be Homework)
MATERIALS:

· Rulers

· Triangles

OVERVIEW: 

Students create their own Mystery Walk and prepare Distance-Time graphs to match.  This can be done as homework.  In class, have another student act out the student-prepared Mystery Walk, using only the written “story.”
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PROCEDURE:

Have a walker walk at a steady pace and along the same line.  Then ask the class, “How would you graph this activity?”  Demonstrate how to use the ruler and triangle as equipment.  Make “Mystery Walk” assignments.

Optional:

Distribute only the student-prepared graphs, then have other groups describe the walk based on the graph or write a story to match.

ANSWERS & SUGGESTIONS:

#1. Remind students that no verbal or nonverbal cues can be given.  Only the written materials (previously prepared by themselves) can be used.
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PROCEDURE:

Assemble groups.  One member is dismissed from the room while remaining members evelop directions for locating a specific spot in the room. Assign each group a different object/destination point  in the room.  If the total number of students is large, groups could be assigned different starting points.  You might mark the starting point by making an X with masking tape on the floor.

ANSWERS & SUGGESTIONS:

#1. Circulate and answer questions raised without actually doing it for a group.  Expect that some groups may require help because this may be their first experience in actually using a compass or protractor to measure direction.
#2. Remind students that no verbal or nonverbal cues can be given.  Only the written directions (previously prepared by themselves) can be used.



Kinematics

Cycle 2: 

What is the Meaning of Velocity?

STUDENTS’ OBJECTIVE:

To share existing ideas about speed and velocity.

KEY IDEAS:

SCIENCE IDEAS
· An object’s motion can be described by tracing and measuring its position over time.

· Average speed is the distance traveled divided by the time to travel.

· Velocity is speed and direction.

MATH IDEAS
· Use representations to model and interpret physical, social, and mathematical phenomena. (Grades PreK-12)

· Understand patterns, relations, and functions.

TIME SUGGESTED: 20 minutes
MATERIALS:

For each student:

· Large Index cards for testable questions

OVERVIEW:

Before working with velocity, it is necessary to determine students’ basic knowledge of the difference between speed, average speed and velocity.
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PROCEDURE:

Hand out the worksheets asking the teams of students to look at the pictures and read the descriptions of the planes before answering the questions.  Give students only 2-3 minutes to complete the questions 1-3. 

See the “Engage-Explore Bridge”.

See the “Instructional Format of ABC’s of Science Inquiry” for methods of dealing with testable/non-testable questions.

Have the teams share their “testable questions”.  Post the questions.

Note: In this cycle, there is an Explore activity prepared, but testable questions give additional explorations that could be investigated.  It also gives clues to what the students would like to know.  During the rest of the cycle, their questions should be directly or indirectly addressed.

ANSWERS & SUGGESTIONS:

#1. Planes A, B and C are all traveling the speed of 105 mph.

#2. Planes A & C are traveling the same average speed.

#3. None of the planes are traveling the same velocity.

#4. Answers may vary

 #5. Did the activity raise any questions in your mind?   As a team write a testable question using a toy electric car that could be explored by another team.  Write your question/ questions on index cards to be shared and posted.

STUDENTS’ OBJECTIVE:

To measure constant speed.

KEY IDEAS:

SCIENCE IDEAS
· Uniform definitions and uniform units of measurements are necessary to transfer understanding.

MATH IDEAS
· Create and use representations to organize, record, and communicate mathematical ideas.

MATERIALS:

· Toy electric car that travels at a constant speed

· Stop watch

· Meter sticks 

· White boards

TIME SUGGESTED:

OVERVIEW:

Each team is given a toy electric car that travels at a relatively constant speed.  Using a meter stick and stopwatch, they are asked to design and conduct an experiment to measure the car's speed.  The results are compared to determine which team’s car was the fastest.  As each team may have used a different definition of speed (the time to go a set distance, time/distance etc.) or different units, the comparison may be difficult.  This leads to the necessity for a uniform definition of speed, and the opportunity to introduce it.
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PROCEDURE: 

Do not give directions to the teams, but let them devise their own methods.  Different teams will most likely use different units, some may just give the time to go a certain distance or the distance traveled in a certain time.  Some may divide the distance by the time while others might divide the time by the distance.

#1. This is done in small teams.

#2. This is done with other teams, or as the whole class (As Instructor, make that decision and inform them before the activity starts.  Also, decide if you want them to use whiteboards or just report verbally.)

ANSWERS & SUGGESTIONS:

#1.  Remind them to record how (method they used).  to determined their speed. 

#2. Using large whiteboards boards may be helpful for presenting to the team.

STUDENTS’ OBJECTIVE:

To introduce the concepts of average speed, instantaneous speed and velocity.

KEY IDEAS:

SCIENCE IDEAS
· Average speed is the distance traveled divided by the time to travel. 

· Instantaneous speed is the average speed for infinitely small distances and times. 

· Velocity is speed and direction.

MATH IDEAS
· Create and use representations to organize, record, and communicate mathematical ideas.

· Select, apply, and translate among mathematical representations to solve problems.

· Use representations to model and interpret physical, social, and mathematical phenomena. 

· Understand patterns, relations, and functions.

· Represent and analyze mathematical situations and structures using algebraic symbols.

TIME SUGGETED: 20 minutes
MATERIALS:

· Toy electric car that travels at a constant speed

· Stop watch

· Meter sticks 

OVERVIEW:

Each team is given a toy electric car that travels at a relatively constant speed.  Using a meter stick and stopwatch, they are asked to design and conduct an experiment to measure the car's speed.  The results are compared to determine which team’s car was the fastest.  As each team may have used a different definition of speed (the time to go a set distance, time/distance etc.) or different units, the comparison may be difficult.  This leads to the necessity for a uniform definition of speed, and the opportunity to introduce it.
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PROCEDURE:

Before distributing worksheets, a discussion should be held as a transition of Explore and Explain.

· The Explore activity developed the need for uniformity in units of measurements.  In this activity meters/seconds will be used.

· Lead the discussion of what quantities are needed (change in distance and change in time) and their relationships to each other, resulting in a workable definition of speed.

· Have the teams determine how they will calculate the speed in meters/second, assigning jobs of individuals is necessary/

ANSWERS & SUGGESTIONS:

#2   Speed = change in distance or change in time

        Speed = Δ distance Δ time 

It is important for teachers to get a “feel” for speeds expressed in SI units.  Lay several meter sticks across the floor and have teachers think about the time it takes to walk briskly past them.  Have them similarly think about an ant crawling 

along a meter stick.  To estimate speeds for cars and planes, tell teachers that a speed of 1 mile/hour is about the same as .5 meters/second (.447 m/s).  Ask teachers to consider the reasonableness of this relationship in terms of what they know about human walking or jogging speeds. 
Reasonable answers:

Person (walking)          
1.0  meters/second

Ant                                    
.02  meters/second

Car                                    
30   meters/second

Concorde (>1000 mi/hr)
700 meters/second

This is a good point to introduce the difference between speed and velocity.  While these two words are often used interchangeably, in physics there is an important distinction. 
 Speed is how fast something is going as defined in

        the above activity. 
 Velocity is the speed and direction of an object .

 Example: An airplane pilot must know the speed and heading — or the velocity — of the plane.

Tell students that the distinction between speed and velocity will become very important later as we explore how velocity is changed and what causes it to change.


STUDENTS’ OBJECTIVE:

To experience average speed, instantaneous speed and velocity using a pullback toy car

KEY IDEAS:

SCIENCE IDEAS
· An object’s motion can be described by tracing and measuring its position over time. 

· Average speed is the distance traveled divided by the time to travel. 

· Instantaneous speed is the average speed for infinitely small distances and times. 

· Velocity is speed and direction.

· Average velocity is calculated by dividing displacement by elapsed time.  It is a vector so it includes the direction of travel.

MATH IDEAS
· Create and use representations to organize, record, and communicate mathematical ideas...

· Use representations to model and interpret physical, social, and mathematical phenomena. 

· Represent and analyze mathematical situations and structures using algebraic symbols.

· Use mathematical models to represent and understand quantitative relationships.

· Analyze change in various contexts.

TIME SUGGETED: 15 minutes
MATERIALS:

For each group:

· “Pullback” type car that slows down as it travels

· Stopwatch 

· Meter sticks

· Masking tape

· Marker 

OVERVIEW: 

Students are asked to determine the speed of a “pull back" type toy car that is released on a horizontal surface.  Because these cars slow down as they travel, they can be used to illustrate the concept of average speed.  By encouraging the students to break the trip into smaller segments, the concept of instantaneous speed is explored.  A discussion of average and instantaneous speed in the story "The Tortoise and the Hare" serves as a follow-up.
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ANSWERS & SUGGESTIONS:

#1. Work with the "pull back" toy cars before the workshop to determine how far they go before it is obvious that they are slowing down for a given amount of pull.  Have the students measure for a long enough distance so that they will notice the slowing of the cars.

#2. Once they notice the cars slow down, students most often realize that the speed calculated by dividing the total distance by the total time is really the average speed.  Relate this to trips they have taken in cars and how the average speed relates to different parts of the trip (at a stop light, on the highway, etc.) 
#3. By dividing the trip into two parts, students will be able to determine the average speed in each part.
#4. Have teams share their ideas.  Most teams realize that by dividing the trip into smaller sections, (quarters, tenths etc.) and timing each section they will learn more about the motion.  They may also realize that as the distances get smaller, so do the times, making it hard to measure with a stopwatch.  From this discussion, develop the idea of instantaneous speed. 
#5. . The distinction between average speed and instantaneous speed is an important one, but not an easy one to understand.  This question helps focus on the distinction.
#6.  While the tortoise won the race because he had the greatest average speed, the hare had the greatest instantaneous speed. Time to define the difference.

#7. Speedometer measures instantaneous speed
Relating this to other familiar examples of average and instantaneous quantities, such as food consumption during the course of the day (average calories over 24 hrs vs. consumption during lunch) or TV watching (average for the week vs. Saturday) can also be very helpful.

Before proceding to the next activity, make sure that the students are comfortable not only with the difference in the definitions of average and instantaneous speeds, but also with the method by which each can be measured.

STUDENTS’ OBJECTIVE:

To develop and reinforce the ability to create and interpret velocity-time graphs
KEY IDEAS:

To discover relationships between position and time.

 SCIENCE IDEAS
· An object’s motion can be described by tracing and measuring its position over time. 

· Velocity is speed and direction.

· Average velocity is calculated by dividing displacement by elapsed time.  It is a vector so it includes the direction of travel.

MATH IDEAS
· Create and use representations to organize, record, and communicate mathematical ideas...

· Use representations to model and interpret physical, social, and mathematical phenomena. 

· Represent and analyze mathematical situations and structures using algebraic symbols.

· Use mathematical models to represent and understand quantitative relationships.

· Analyze change in various contexts.

MATERIALS:

For each team:

· Position and Time Graph

TIME SUGGESTED: 20 minutes
OVERVIEW:

This activity, adapted from Patterns of Change (5th grade unit from Investigations in Number, Data, and Space) has been designed for students to discover and clarify their own ideas about graphing relationships between two variables.  Students share their interpretations of the Mystery Walks through their graphs.  This will allow for discussions on different graphing strategies as well as reflections on the advantages and disadvantages of each type of graph.
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PROCEDURE:

Each team creates graphs that match given “Mystery Walk” stories. Once they have completed the graphs, students post their graphs on the wall or exchange results some other way as a template for discussion.

ANSWERS & SUGGESTIONS:

#1. If students are not familiar with graphing lines, it may be beneficial to place a graph on the overhead.  Ask students to describe the walk based on the graph.

Another alternative would be to select a student to volunteer to walk.  Have the student act out a Mystery Walk (one from the list or one of your own).  For example, have the student walk quickly for two seconds, walk slowly for four seconds, stop for five seconds and the run back to you.  Optionally: Have classmates draw the Speed-Time graph and the Position-Time graph.  

STUDENTS’ OBJECTIVE:

To graph speed and instantaneous speed

KEY IDEAS:

SCIENCE IDEAS
· An object’s motion can be described by tracing and measuring its position over time. 

· Average speed is the distance traveled divided by the time to travel. 

· Instantaneous speed is the average speed for infinitely small distances and times. 

· Velocity is speed and direction.

· Average velocity is calculated by dividing displacement by elapsed time.  It is a vector so it includes the direction of travel.

MATH IDEAS
· Understand patterns, relations, and functions.

· Represent and analyze mathematical situations and structures using algebraic symbols.

· Use mathematical models to represent and understand quantitative relationships.

TIME SUGGESTED: 30 minutes

MATERIALS:

· 6 stopwatches

· Meter stick

· Graph paper

· Masking tape

· Markers 

Optional:

· Graphing calculators

· Video camera

ADVANCE PREPARATION:

Design the strategy, measure positions; mark the course with chalk or masking tape.
OVERVIEW:

Students go outside or to a long corridor to measure the distance and time of people as they run a 30 meter course.  Timers are stationed every 5 meters and measure the time from the beginning to their location.  This produces a data table of distance and time that can be graphed.  By having different people run different ways, () students can compare the raw data, the graphs, and the speeds over different segments.  Masking tape can be placed for beginning, end, and segments of the running course.
PROCEDURE:

This is best done outside or in a large gym or similar space.  It is best if this activity is done in teams; however, because of the large number of stopwatches required, you may find it necessary to do it as a whole class.   Arrange the teams so that each one is large enough to complete the task.  Assign one or two different running patterns to each team. Give the runner(s) specifically good directions, defining what is meant by constantly slow; constantly fast; speeding up, slowing down.  Give leadership in how to use the stop watch.

ANSWERS & SUGGESTIONS:

#2. Have the teams share their results with the whole class. 

#3. Ask students to consider what the slope and general shape of each graph reveals about the motion.  If the technology is available, it is very helpful to create an overhead transparency of each team’s graph.  

By using the same scale they can be overlapped and the differences in the graphs and their corresponding motions can be clearly seen.  Once students are clear about how the graphs describe motion, it may be a good time to show how the same data graphed at different scales may look different but are really the same.

It might be useful to point out that only speed, not velocity, was considered in this activity because direction was not important.  All of the motions were 

in a straight line in a single (and arbitrary) direction
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STUDENTS’ OBJECTIVE:

To become familiar with qualitative graphs.

KEY IDEAS:

SCIENCE IDEAS
· An object’s motion can be described by tracing and measuring its position over time. 

· Average speed is the distance traveled divided by the time to travel. 

· Instantaneous speed is the average speed for infinitely small distances and times. 

· Velocity is speed and direction.

· Average velocity is calculated by dividing displacement by elapsed time.  It is a vector so it includes the direction of travel.

MATH IDEAS
· Understand patterns, relations, and functions.

· Represent and analyze mathematical situations and structures using algebraic symbols.

· Use mathematical models to represent and understand quantitative relationships.

TIME SUGGESTED: 20 minutes


Graphs could be homework.
MATERIALS:

· None

OVERVIEW:

This activity has been designed for students to use basic concepts of graphs.   Many mathematical ideas can be expressed graphically, however students must be comfortable with qualitative graphs as a method of representing data.  

PROCEDURE:

This activity works best if students work together in groups of 2-4.  Sharing problem solving strategies is key to this activity.

[image: image21.png]



[image: image22.png]7. EXPLAIN: What Doss the Gragh Rpeesmt? -

SR

ThEEmeTE
=

2 Doy v goga e s iy

e ey
el e
Pt





ANSWERS & SUGGESTIONS:

Answers will vary because of discrepancies in labeling the different axes.  Discussion of rational for different choices is critical to the success of this activity. 

STUDENTS’ OBJECTIVE:

To compare the average speed, instantaneous speed and velocity.

KEY IDEAS:

SCIENCE IDEAS
· An object’s motion can be described by tracing and measuring its position over time. 

· Average speed is the distance traveled divided by the time to travel. 

· Instantaneous speed is the average speed for infinitely small distances and times. 

· Velocity is speed and direction.

· Average velocity is calculated by dividing displacement by elapsed time.  It is a vector so it includes the direction of travel.

TIME SUGGESTED: 15 minutes

MATERIALS:

For each group:

· Stopwatch

· Meter sticks

· Masking tape

· Markers 

OVERVIEW:

This activity, which has students walk in different directions, emphasizes the difference between speed and velocity.
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PROCEDURE:

Review the terms:  distance traveled, displacement, position, average speed, average velocity, vector

Distance = length of path traveled

Displacement = change in position and direction to the final position

Example: Sea Biscuit ran around the 2 km track for a total distance of how many meters? (2000m)  

What was his displacement?


ANSWERS & SUGGESTIONS:

#4. The values will be the same as for the speeds, but they have opposite directions (right vs. left or north vs. south, for example).  These answers must have directions to be considered velocities.
#5. No.  The velocity is more important.  If the velocity is wrong, you might be going the wrong way, or you might be driving onto the sidewalk.
#6. No.  Your velocity changes as you turn corners and as you go over hills.  

#7. Velocity and speed have different definitions and may serve different purposes.  Unlike speed, velocity requires a direction in order to be fully expressed.

EXTENSION:  

Have students suggest velocities for a walker that will have significantly different results, like walking into a wall, instead of away from a wall.

STUDENTS’ OBJECTIVE:

To discover relationships between position and time.

KEY IDEAS:

 SCIENCE IDEAS
· An object’s motion can be described by tracing and measuring its position over time. 

· Velocity is speed and direction.

· Average velocity is calculated by dividing displacement by elapsed time.  It is a vector so it includes the direction of travel.

MATH IDEAS
· Create and use representations to organize, record, and communicate mathematical ideas...

· Use representations to model and interpret physical, social, and mathematical phenomena. 

· Represent and analyze mathematical situations and structures using algebraic symbols.

· Use mathematical models to represent and understand quantitative relationships.

· Analyze change in various contexts.

TIME SUGGESTED: 20 minutes

MATERIALS:

For each team:

· Position and Time Graph

OVERVIEW:

This activity, adapted from Patterns of Change (5th grade unit from Investigations in Number, Data, and Space) has been designed for students to discover and clarify their own ideas about graphing relationships between two variables.  Students share their interpretations of the Mystery Walks through their graphs.  This will allow for discussions on different graphing strategies as well as reflections on the advantages and disadvantages of each type of graph.
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PROCEDURE:

Give each team of students one Position and Time graph.  Tell students that you will be giving them a “Mystery Walk” and that they must keep it a secret from all the other teams.   (You may use teams of 2-4 students.)  Give each team one Mystery Walk.  Each team will create the graph and post their graphs on the wall.

     Once all graphs are posted, distribute the Mystery Walks List.  It is the job of the teams to determine which Mystery Walk matches each graph.  Once they have identified a match, they record the names of the graph-creators next to the numbers on the Mystery Walk list.

ANSWERS & SUGGESTIONS:

#1. It may be beneficial to place the graph on the overhead.  Ask students to describe the walk based on the graph.

EXTENSIONS:

Another alternative would be to select a student to volunteer to walk.  Have the student act out a Mystery Walk (one from the list or one of your own).  For example, have the student walk quickly for two seconds, walk slowly for four seconds, stop for five seconds and the run back to you.  Have classmates draw the Position - Time graph.  

Have each team create Position and Time graphs, then have other teams write a story to match.

STUDENTS’ OBJECTIVE:

To revisit the lists of ideas and questions and concepts developed in the cycle

KEY IDEAS:
· An object’s motion can be described by tracing and measuring its position over time. 

· Average speed is the distance traveled divided by the time to travel. 

· Instantaneous speed is the average speed for infinitely small distances and times. 

· Velocity is speed and direction.

· Average velocity is calculated by dividing displacement by elapsed time.  It is a vector so it includes the direction of travel.

MATH IDEAS
· Create and use representations to organize, record, and communicate mathematical ideas.

· Select, apply, and translate among mathematical representations to solve problems.

· Use representations to model and interpret physical, social, and mathematical phenomena. 

· Understand patterns, relations, and functions.

· Represent and analyze mathematical situations and structures using algebraic symbols.

· Use mathematical models to represent and understand quantitative relationships.

· Analyze change in various contexts.

TIME SUGGESTED:


10 minutes

MATERIALS:


No materials

OVERVIEW:

“Ideas and Questions about Kinematics” are modified and discussed.  Science and Math Ideas developed in the cycle are solidified by the Instructor.  Reading assignments may be assigned.
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PROCEDURE:

Instructor-led review of the activities and what key ideas emerged may involve further demonstration for reinforcement.  Seek answers to “Questions about Kinematics” posed during the cycle and any lingering misconceptions or misunderstandings. 
ANSWERS & SUGGESTIONS:

#1. Allow teams to share their ideas.  Make sure that students can describe how distance, direction, and time are each essential to the description of motion.
STUDENTS’ OBJECTIVE:

To demonstrate understanding and application of the concepts of average speed, instantaneous speed and velocity.

KEY IDEAS:

SCIENCE IDEAS
· An object’s motion can be described by tracing and measuring its position over time. 

· Average speed is the distance traveled divided by the time to travel. 

· Instantaneous speed is the average speed for infinitely small distances and times. 

· Velocity is speed and direction.

· Average velocity is calculated by dividing displacement by elapsed time.  It is a vector so it includes the direction of travel.

MATH IDEAS
· Create and use representations to organize, record, and communicate mathematical ideas.

· Select, apply, and translate among mathematical representations to solve problems.

· Use representations to model and interpret physical, social, and mathematical phenomena. 

· Understand patterns, relations, and functions.

· Represent and analyze mathematical situations and structures using algebraic symbols.

· Use mathematical models to represent and understand quantitative relationships.

· Analyze change in various contexts.

TIME SUGGESTED:


20 minutes

MATERIALS:

For each team:

· Stopwatch

· Meter sticks

· Sonic Rangers 

· Graphing calculators

OVERVIEW:

As an imbedded assessment, the Engage activity (Comparing Flights) is revisited; this time answered with explanations.  Scenarios are presented and proper labels are requested.  Sonic Rangers is again used to make a Velocity match.
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PROCEDURE:

The purpose of this activity is to assure that the students can apply on their own what they have learned.  Radar of passing cars and driving to school identifies types of speeds.  Revisit “8. Explain: Velocity Isn’t Speed” activity assigning “instantaneous velocity” in the correct situation.  Additional examples may be used. .Sonic rangers can be done in class or homework..
ANSWERS & SUGGESTIONS:

#1. See Instructor’s Guide for Engage.

#2. If the Icebreaker Scavenger Hunt was used to introduce the module determine how many students, if any, answered #7 “I have calculated average velocity on a trip.”

#3. Explanations needed for chosen labels

#4. Additional examples may be used.

#5. Sonic rangers

EXTENSION: Students should use techniques introduced in previous activities of the cycle.

If the class setting allows, you might show how one can quickly estimate the speed of an object moving past fixed reference objects that are equally spaced such as telephone poles, fence posts, sidewalk cracks, yard line markers on a football field, etc.  An additional assignment can be made from this.

STUDENTS’ OBJECTIVE:

To demonstrate understanding and application of the concepts of velocity/Time graphs

KEY IDEAS:

SCIENCE IDEAS
· An object’s motion can be described by tracing and measuring its position over time. 

· Velocity is speed and direction.

MATH IDEAS
· Represent and analyze mathematical situations and structures using algebraic symbols.

· Use mathematical models to represent and understand quantitative relationships.

· Analyze change in various contexts.

TIME SUGGESTED:


10 minutes

MATERIALS:

For each team:

· Graphing calculators

· Graph paper

· Instructor-designed graphs

OVERVIEW:

Given v-t graphs, students need to draw corresponding d-t diagrams and visa versa.
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PROCEDURE: 

Diagrams supplied by the Instructor are revised by students

ANSWERS & SUGGESTIONS:

Answers vary


Kinematics

Cycle 3: 

How Many Ways Can Velocity Be Changed?

STUDENTS’ OBJECTIVE:

To think about how speed can change

KEY IDEAS:

SCIENCE IDEAS
· Velocity can be changed by increasing or decreasing the speed and/or changing the direction of the motion.  

· The rate at which velocity changes is called acceleration

MATH IDEAS
· “Create and use representations to organize, record, and communicate mathematical ideas

· Use representations to model and interpret physical, social, and mathematical phenomena.”

· Use mathematical models to represent and understand quantitative relationships

TIME SUGGESTED: 15 minutes
MATERIALS:

For each team: 

· Worksheets from Cycle 2

· Electric toy car

· Pullback-type car

· Stopwatch

· Meter sticks

· Masking tape

· Markers 

OVERVIEW:

Students revisit previous activities, looking more closely at how speed changes and at what rate.  Testable questions allow for further exploration about speed.
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PROCEDURE:

This activity causes thought about how quickly speed changes and what some of the causes might be. Allow students to work through the problems alone before discussing.

ANSWERS & SUGGESTIONS:

#2., #3. Descriptions of speed changes may vary

#4. #5  Slope of incline and gravity play a part in the answers, but also cause students to think of other elements of contribution to speed changes.

#6. Testable questions:  You may want to be more specific.

STUDENTS’ OBJECTIVE:

To be introduced to the concept of acceleration, including the rate of increasing speed, decreasing speed, or changing direction.

KEY IDEAS:

SCIENCE IDEAS
· Velocity can be changed by increasing or decreasing the speed and/or changing the direction of the motion.  

· The rate at which velocity changes is called acceleration

MATH IDEAS
· “Create and use representations to organize, record, and communicate mathematical ideas

· Select, apply, and translate among mathematical representations to solve problems

· “Understand patterns, relations, and functions

· Represent and analyze mathematical situations and structures using algebraic symbols,

· Use mathematical models to represent and understand quantitative relationships

TIME SUGGESTED: 30 minutes
MATERIALS:

For entire group:

· String

· Small pulley

· Object of approx. 50 g to hang on pulley 

or fish sinkers

· Meter sticks

· Stopwatches

· Thin colored markers

OVERVIEW:

The concept of calculating acceleration is developed using a zip line (weight on a pulley that travels across the room on an inclined string).
ADVANCE PREPARATION:
Set up the zip line and let students observe the pulley accelerating across the room.  The ideal angle of the zip line depends on many factors such as the weight of the pulley and object, the friction in the system, and how much the string sags.  If the angle is too steep, the speeds are too fast to be measured with a stopwatch and meter stick.  If the angle is too shallow, the pulley will not constantly accelerate.  In tests, a set up that worked well included a small lab pulley with a hooked 50g mass attached, set on a tight cotton string that dropped .4m in a horizontal distance of 6m.
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ANSWERS & SUGGESTIONS:

#1 Expect that some teams will define acceleration only in terms of increasing speed.  Draw out the idea that acceleration involves any change in velocity — speeding up, slowing down, and/or changing direction.  Emphasize that acceleration is NOT defined simply as “change in velocity”, but is a way of describing how quickly velocity changes.  Give some examples.

With the careful use of focusing questions, teams should realize that measuring acceleration requires measuring how much speed changes and how long it takes to change.  As the discussion unfolds, write the definition of acceleration first in words and finally in equation form : 

     acceleration = ∆ velocity ÷ ∆ time

#2. The idea here is not to tell the students what to do, but rather to draw the ideas out of them.  Because of the previous activities on average and instantaneous speeds, most teams will settle on the idea of measuring out a short distance at the beginning and the end and timing the pulley as it crosses those distances.  They will also time how long it takes the pulley to make this change in speed.  In the test set-up described above, 1m 
intervals were laid out on the string with a marker pen at the beginning and from 5m to 6m.  
Some teams may raise the question as to whether the time to change the speed should be measured from the beginning or end of the one-meter intervals.  As the acceleration is almost constant, measuring from the middle of each interval will be the best (marking these points with a different color pen is helpful).

Once the procedure has been determined, run the experiment and determine the acceleration. 

After the results are calculated, the opportunity will arise to discuss units of acceleration.  To clarify these, use examples of everyday objects (such as the ones measured in the previous Inquire) and use round numbers.
#3. Draw out the idea that one could find  the acceleration between two different one-meter intervals along the zip line, and see if it is the same as, or different from before.  Discuss the meaning of the terms:  uniform acceleration, average acceleration, and instantaneous acceleration. 

EXAMPLES:

     An automobile increases its speed by 
15 mi/hr each second:


A = ∆v ÷ ∆t = 15mi/hr ÷ 1s = 15mi/hr/s
     A toy car starts at rest and achieves a speed of 1m/s in 2s:


a = ∆v ÷ ∆t = 1m/s ÷ 2s = .5 m/s/s = .5 m/s2
An object freely falling toward the ground (ignoring air resistance) increases its speed by 10 m/s each second of fall: 


a = ∆v ÷ ∆t = 10 m/s ÷ 1s = 10 m/s2
Now that students are more comfortable with a definition of acceleration, throw the pulley up the zip line and discuss slowing down as a type of acceleration.  Use the equation to show that it will still work, and that the units will still be the same.
STUDENTS’ OBJECTIVE:

To reinforce the concept of acceleration, including the rate of increasing speed, decreasing speed, or changing direction.

KEY IDEAS:

SCIENCE IDEAS
· Velocity can be changed by increasing or decreasing the speed and/or changing the direction of the motion.  

· The rate at which velocity changes is called acceleration

TIME SUGGESTED: 10-15 minutes
MATERIALS:

Note: Several rooms will be needed


Tables will need to be available

For each team:

· Balloon

· Air puck

· Table with smooth and level top

Optional:

· Wet wipes for bottom of puck

OVERVIEW:

The students discover how to change velocity by increasing speed, decreasing speed, or turning.
ADVANCE PREPARATION:

To construct air pucks cut an n approximately 7cm square (or circle if preferred) of Plexiglas.  Glue a one-hole rubber stopper onto the middle of the square, widest end facing side up.  Drill a hole in the center of the Plexiglas to match the hole in the stopper.  A balloon will be placed on the stopper and can be inflated from the bottom of the air puck.  As the balloon releases the air, the puck will move on the cushion of released air from the balloon.
Workshop leaders will have to demonstrate how to use the air pucks.  If possible, it can be helpful to level the tables before this activity.  This can be done by placing the inflated puck on the center of the table and putting cardboard or similar material under the legs until the puck remains stationary.  As most tables are not perfectly flat, this may be difficult to completely accomplish, but getting it close will suffice.
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ANSWERS & SUGGESTIONS:

#1 Students should notice that, after the puck is tapped, it travels in a straight line at a constant speed (constant velocity).   
#2. The instructions may need some clarification by the workshop leader.  The idea is not to have them focus on methods of getting the velocity to change (such as by pushing, pulling, hitting etc.) but rather to focus on what about the velocity is changing (increasing speed, decreasing speed, or changing direction).  This activity is designed to focus the attention of the students on the idea of changing direction as a type of acceleration.  While it is beyond the scope of this workshop to derive the vector version of the acceleration equation, students should be made aware that turning, even while maintaining a constant speed, is a type of acceleration (and, as shall be demonstrated in a future Inquire, requires an unbalanced force).
With some encouragement, students will discover that velocity can be changed by increasing or decreasing speed, or changing direction.  Some will also begin to see that it takes a force to do this (pulling the puck with a string, tilting the table, etc.).  Workshop leaders should avoid the urge to discuss Newton's Laws at this point and just note the students’ observations and defer the discussion until an appropriate time.

STUDENTS’ OBJECTIVE:

To reinforce the concept of acceleration, including the rate of increasing speed, decreasing speed, or changing direction.

KEY IDEAS:

SCIENCE IDEAS
· Velocity can be changed by increasing or decreasing the speed and/or changing the direction of the motion.  

· The rate at which velocity changes is called acceleration.

MATH IDEAS
· Select, apply, and translate among mathematical representations to solve problems

· Use representations to model and interpret physical, social, and mathematical phenomena.”

· “Understand patterns, relations, and functions

· Represent and analyze mathematical situations and structures using algebraic symbols,

· Use mathematical models to represent and understand quantitative relationships

TIME SUGGESTED:15 minutes
MATERIALS:


No materials

OVERVIEW:

What have we learned about acceleration?
ANSWERS & SUGGESTIONS:

#1. Give students ample time to discuss and formulate answers to these questions.  Answers:   

                  1a. Volkswagen 

                  1b. Porsche

                  2.   c

                  3.   an object moving on a

                        curved path or circle at a

                        constant speed.
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Students need time to sort out the new ideas that have been developed during this cycle.  Be alert to any misconceptions and address these.  You may find it necessary to conduct additional activities, demonstrations, or discussions. 

Encourage teams to share any changes or additions they have made to their lists.

Summarize all of the teams’ ideas by generating a list of unanimous ideas.  This list should include the following:

Velocity can change by increasing or decreasing  speed and/or changing the direction of the motion.  

How quickly velocity changes is called acceleration.
Be sure to continually re-emphasize that acceleration is not simply “changing velocity”, but rather is the rate at which velocity changes.
STUDENTS’ OBJECTIVE:

To demonstrate understanding and application of the concept of acceleration, including the rate of increasing speed, decreasing speed, or changing direction.
KEY IDEAS:

· Velocity can be changed by increasing or decreasing the speed and/or changing the direction of the motion.  

· The rate at which velocity changes is called acceleration

TIME SUGGESTED: 10 minutes

MATERIALS:

· Chair or ball

· Graph paper

OVERVIEW:

Students “feel” and describe acceleration by jumping off a chair or throwing a ball.  v-t and a-t graphs can then be created to graphically illustrate 
STUDENTS’ OBJECTIVE:

To demonstrate understanding and application of the concept of acceleration, including the rate of increasing speed, decreasing speed, or changing direction.
KEY IDEAS:

SCIENCE IDEAS
· Velocity can be changed by increasing or decreasing the speed and/or changing the direction of the motion.  

· The rate at which velocity changes is called acceleration

MATH IDEAS
· “Create and use representations to organize, record, and communicate mathematical ideas

· Select, apply, and translate among mathematical representations to solve problems

· Use representations to model and interpret physical, social, and mathematical phenomena.”

· “Understand patterns, relations, and functions

· Represent and analyze mathematical situations and structures using algebraic symbols,

· Use mathematical models to represent and understand quantitative relationships

· Analyze change in various contexts.”

TIME SUGGESTED: 20 minutes
MATERIALS:

Note: Several rooms will be needed


Tables will need to be available


Wood blocks for elevating table legs

· Air puck

· Level table

· Wood blocks or material to raise one end of table

· Tape

· Thread
· Meter sticks
· Stopwatches
OVERVIEW:

Participants calculate the acceleration of air pucks as they travel up or down an inclined surface.
PROCEDURE:

NOTE:  If you have trouble getting this activity to work with the balloon pucks, you can substitute free-wheeling, metal die-cast toy cars such as Hot Wheels®.  If the cars tend to veer off at an angle, tape a meter stick to the table surface and let the cars roll alongside the meter stick.
As in the activity with the zip line, the angle of the incline is important.  If it is too steep, it is difficult to measure the initial and final speeds without equipment such as light gates.  In testing, using a rise of 1cm on one side of a student desk that was 1.22m (approx. 4ft.) long worked well when intervals of 10cm were used near the beginning and end.

When completed, have groups share their method and results.
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STUDENTS’ OBJECTIVE:

To demonstrate understanding and application of the concept of acceleration, including the rate of increasing speed, decreasing speed, or changing direction.

KEY IDEAS:

SCIENCE IDEAS
· Velocity can be changed by increasing or decreasing the speed and/or changing the direction of the motion.  

· The rate at which velocity changes is called acceleration

MATH IDEAS
· “Create and use representations to organize, record, and communicate mathematical ideas

· Select, apply, and translate among mathematical representations to solve problems

· Use representations to model and interpret physical, social, and mathematical phenomena.”

· “Understand patterns, relations, and functions

· Represent and analyze mathematical situations and structures using algebraic symbols,

· Use mathematical models to represent and understand quantitative relationships

· Analyze change in various contexts.”

TIME SUGGESTED: 20 minutes
MATERIALS:

· Protractor

· String 25cm for each student or group

· A weight 

· Graph paper

· Plastic pop bottle

· Small cork to float within pop bottle

· Water (food coloring if desired)

OVERVIEW:

Students will determine the link between the angle of velocity and their speed. 
PROCEDURE: As outlined
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