Senior 2 General Science       

Motion- Vectors and Vector Addition            

Lesson 1
Learning about vectors
Learners:

· 28 students

· Diverse range of student backgrounds

· No special needs students, but a various range of student abilities

S.L.O:

S2-3-01: Analyze the relationship among displacement, time, and velocity for an object in uniform motion.

Include: visual, numeric, graphical, symbolic (velocity=(d/(t).

GLO: C5,C8, D4, E3

Cluster 0


Initiating, Planning, Implementing

Work cooperatively with group members to carry out a plan, and troubleshoot problems as they arise.


Observing, Measuring, Recording

Estimate and measure accurately using Systeme International and other standard units. Record predictions and true answers of descriptions and vectors.


Analyzing and Interpreting


Analyzing and interpreting size of vectors to match appropriate description

Concluding and Applying


Reflect on prior knowledge and experiences to develop new understanding.


Apply the concept of a scale to create a manageable representation of motion.

STSE Issues/DesignProcess/Decision-making

N/A

Key Knowledge Statements:

· Scalars are quantities that are expressed by magnitude alone

· Vectors are quantities that are represented by magnitude and direction

· Scales help us represent motion by providing a more manageable size for the motion to be symbolized.

· The arrowhead of a vector represents the direction, the tail represents the magnitude

· The length of the tail of the vector is longer for larger displacements and shorter for smaller ones, as well as longer for faster velocities and shorter for slower ones.

Materials Needed:

· Descriptions of displacement and velocity with corresponding cardboard arrows

· Chalk

· Poster Paper

· Felt Markers

Teacher Reminders and Learner Tasks

Teacher reviews with students the differences between vectors and scalars by simple questioning techniques (Discuss the differences including magnitude, direction)

Students raise their hands to discuss the differences between vectors and scalars.
Teacher pulls out an arrow, and asks students, “What do I have in my hands?”

Teacher then asks that if we used the arrow to represent motion, what terms could we symbolize with an arrow? Probe for answers such as distance, displacement, velocity, speed and write them on the board (but make sure to clear up later in the class that only vector quantities are represented because they include direction). 

Students follow whole group discussion.

Teacher instructs students to sit in groups of 4 ( may pick their own partners, but will be switched if problems arise), and spread out the descriptions and arrows found in the envelope, on the table in front of them. 

Each envelope has 6 descriptions of either displacement or velocity. Teacher walks around to see if various groups are matching descriptions and vectors

Students will work in groups to match 6 vectors to a description that best describes itself. I.e. Joe was walking down the street at 5km/h. Suzy is walking behind him and catches up to him. She ends up passing Joe at 10km/h. Which arrow might represent how fast Joe is walking? (See appendix A)

Students discuss and record conclusions of matching activity.

Bring class back as a whole and ask,

· What can you conclude about the length of the arrow? Represents Magnitude of Motion

· What does the arrowhead represent? Represents Direction of Motion

· So from our list of terms that can be represented by the arrows, do we have to erase any of them, based on what we know about vectors? Speed, distance, time because they are scalar quantities
· Is the arrow the exact size of the motion written in the description? No, just a model
· What do we need so we can accurately represent our motion with the use of vectors, without drawing huge vectors to show something like 100km? Create a scale that we can work with.

Demonstrate how a scale works and what you need to think of when creating one (size of paper, realistic if other vectors were to use this scale etc.)

Have students return to their groups. Give them a displacement value, and have them create an appropriate scale so that a vector can be represented in a more manageable size. 

Provide students with poster paper, felt markers, and rulers


Students collaborate in groups and come up with a scale that represents the displacement value given by the teacher. Students draw the vector on a large piece of poster paper and write the scale on the corner of the sheet.
Students will receive a participation mark based on a 5-point rubric that they will use as self assessment. (Appendix E)

Groups will present their vector, how they chose the scale they did, and give 3 reasons it is appropriate, based on the displacement value given to them.

Lead the class in summarizing the key points of creating scales and discuss how scales help us visualize the differences between 100km and 10 km.

Students summarize importance of scales and representation of motion with vectors.

Clarify any vocabulary or concepts that might be unclear.

Students will write exit slips (Appendix A) that state the differences between vectors and scalars, the components of a vector (magnitude and direction and arrowhead and tail) and how a short versus long tail represents short or long displacement and/or slow or faster velocity.

Evaluation:

-Students will be assessed on their poster presentation including explanation of their vector scales, and 3 reasons they feel the scale is appropriate.

-Students will also be given a mark for cooperative group work (5 point rubric).

-No mark will be given, but I will formatively assess the exit slips they hand in at the end of class to see if the material was understood.

Lesson 2- Direction and Quadrants and Angles

S.L.O:

S2-3-01: Analyze the relationship among displacement, time, and velocity for an object in uniform motion.

Include: visual, numeric, graphical, symbolic (velocity=(d/(t).

GLO: C5,C8, D4, E3

Cluster 0


Initiating, Planning, Implementing

Work cooperatively with group members to carry out a plan, and troubleshoot problems as they arise.


Observing, Measuring, Recording

Estimate and measure accurately using Systeme International and other standard units. Select and use appropriate methods and tools for collecting data or information.


Analyzing and Interpreting


Analyze where direction, vectors and motion can be seen in our everyday lives.

Concluding and Applying


Reflect on prior knowledge and experiences to develop new understanding.

Apply knowledge of vectors, their directions and scales to the world around them, and solidify knowledge by having them practice it with peers.

STSE Issues/Design Process/ Decision-making


N/A

Key Knowledge Statements:

· Direction can be measured by using a quadrant, based on a Quadrant using North, South, East and West. Degrees can add preciseness which can be determined by using a protractor

· Common terms used for describing direction include: North, Northeast, Northwest, South, Southeast, Southwest, East, West, to the right, to the left, up, down, underneath and around the corner etc.

Materials Needed:

· Protractors

· Popsicle sticks

· Magazines

· Glue

· Scissors

· Jeopardy Game

Teacher Reminders and Learner Tasks

Teacher and Students review previous class.

Lead students in a Think-Pair-Share activity to come up with some common terms that can be used to describe direction. 

Students engage in Think-Pair-Share and share ideas with whole class when done.

Instruct students in the drawing of a quadrant with directions north, south, east, west, northeast, northwest, southeast, and southwest. Discuss the different angles present on the quadrant and how other angles could be calculated (protractor)

Students engage in discussion (raising their hands) about the various directions motion can be performed, and how these can be represented on a quadrant with many angles. Students will draw out a quadrant in which they label with directions and some angles.

Lead students to work in pairs to practice using their protractors. Hand out extras to students who need one.

Students will work in pairs and using their protractors, will place popsicle sticks (with paper arrowheads) on their quadrants at various angles listed, and trace them onto their page. 

Teacher will lead discussion about expression of vectors at different angles, and emphasize that 1 vector can be expressed by describing more than one angle.

Teacher will provide students with a pile of magazines, glue, and scissors

Students will be asked to take the magazines on their table and create a small poster (with a partner) to show where using direction and vectors (motion) along with quadrants and scales might occur in the “real world”. Students will have 15 minutes to sort through the pictures, and each pair will show the class where they thought they might see this information around them in everyday life.

Separate class into 4 teams, and act as host for Jeopardy game. Be sure each team has a protractor, and have a jacket at the front of the room so that the team that wants to guess the right answer can have a teammate run up and put it on when they are answering. Review rules of the game, including second guesses for other teams, and loss of points for disrespectful or inappropriate behavior.

Students will engage in a game of jeopardy in teams of about 6 or 7. They will be required to solve a problem to do with vectors, scales, angles and direction. Each team will collaborate to come up with the best possible answer, and once they have decided on an answer they can come to the front and put on the jacket to answer.

Evaluation:

-Students will be assessed (no marks) on their popsicle stick assignment, the 5 point rubric for participation, and their ability to connect the ideas of vectors, direction, and scales to the real world through their posters.

The Jeopardy game will be made by the teacher on Power Point or on paper. Some examples of questions might include:
· Vectors have these two components.

· The length of a vector represents this for displacement.

· Scales allow us to do this.

· A vector that lies 45 degrees between north and east is described including this direction.

Lesson 3-Vector Addition of the same and opposite direction

S.L.O:

S2-3-01: Analyze the relationship among displacement, time, and velocity for an object in uniform motion.

Include: visual, numeric, graphical, symbolic (velocity=(d/(t).

GLO: C5,C8, D4, E3

Cluster 0


Initiating, Planning, Implementing

State a testable hypothesis or prediction based on background data or on observed events. Work cooperatively with group members to carry out a plan, and troubleshoot problems as they arise.


Observing, Measuring, Recording

Estimate and measure accurately using Systeme International and other standard units. Record, organize, and display data using an appropriate format. 


Analyzing and Interpreting

Analyze a scenario and use knowledge of adding vectors to add all motion within the scenario, come up with a resultant and describe process to peers.

Concluding and Applying

Draw a conclusion that explains the results of an investigation. 

Reflect on prior knowledge and experiences to develop new understanding.

STSE Issues/Design Process/ Decision-making


N/A

Key Knowledge Statements:

· North and East are usually considered +’ve directions, whereas South and West are usually considered –‘ve directions. 

· The “tip to tail” rule is when you place the first vector’s tip to the tail of the second vector when adding them together.

Materials needed:

· Coordinate line

· Cut out vectors (cardboard)

· Scenarios

· Poster paper 

· Markers

Teacher Reminders and Learner Tasks

Teacher will layout coordinate line on ground from -6 to +6, in the middle of the ground. Give various students vectors of different lengths. Lead the class in a group discussion about how to add vectors by starting with their predictions and leading them to the actual by engaging them with their vectors and the coordinate line.

Various students will be asked to place their vectors along the coordinate line on the ground. As a class, students will offer predictions about adding vectors together, starting with those of the same direction.

Teacher demonstrates the use of a resultant vector (colored arrow) to represent the final vector quantity after adding them up

Teacher should emphasize that motion (vector) is still the same motion if facing the same direction but placed at a different spot on the coordinate line. 

Teacher continues discussion about adding vectors, but discusses adding opposite directional vectors.

Teacher demonstrates the use of a resultant vector to represent the final vector quantity after adding them up. 

Students will work in groups of 4 (Number students 1-4, 1’s go together, 2’s go together etc). Students will read and discuss a scenario (appendix B) presented to them, and create vectors for all of the motion described in the scenario. As a group they will draw all of the vectors to scale on a large piece of poster paper and will add all vectors of the same and opposite direction. They will present their scenario to the class and how they went about adding their vectors, providing us with a Resultant vector as well.

Teacher will review key points presented in presentations about basic vector addition as well as solidifying key terminology, signs (+,-) of directions, and the “tip to tail” rule of adding vectors.

Evaluation:

-Students will be assessed on their ability to add vectors and show a resultant. Students will not get marks for how they present their scenarios, but rather for the work they do adding the motion talked about in their scenario.

Lesson 4
Adding Perpendicular Vectors

S.L.O:

S2-3-01: Analyze the relationship among displacement, time, and velocity for an object in uniform motion.

Include: visual, numeric, graphical, symbolic (velocity=(d/(t).

GLO: C5,C8, D4, E3

Cluster 0


Initiating, Planning, Implementing

State a testable hypothesis or prediction based on background data or on observed events. Work cooperatively with group members to carry out a plan, and troubleshoot problems as they arise.


Observing, Measuring, Recording

Estimate and measure accurately using Systeme International and other standard units. Select and use appropriate methods and tools for collecting data or information (from map with rulers, protractors, scales etc.).


Analyzing and Interpreting

Analyze a map and break it down into many vectors. Add vectors appropriately.

Concluding and Applying

Reflect on prior knowledge and experiences to develop new understanding.

STSE Issues/Design Process/ Decision-making


N/A

Key Knowledge Statements

· Resultant vectors of perpendicular vectors are a “blend” of direction of both motion vectors

· Vectors can be applied to our real life through maps for traveling, hiking, finding the quickest route somewhere etc.

Materials Used:

· Red and Black Licorice pieces with triangle paper pieces

· Large cut out vectors

· Chalk

· Maps

· Rulers

Teacher reminders and Learner Tasks

Provide students with red and black licorice pieces with paper triangles as the arrowheads. (Consider painting the licorice with something to prevent kids from eating licorice pieces (nothing harmful))

Place students in groups of 3-4 (Students choose 1 friend, and then teacher places pairs together with some stronger students with weaker students).

Instruct students to work in their groups to add the vectors listed on the sheet (Appendix D), with the licorice provided. Instruct them to draw their predicted resultant vectors for each description on the separate sheet provided.

Students collaborate and use their previous knowledge from the last few days to take red and black licorice pieces and add vectors that are described on a sheet of paper. The red licorice represents the vectors being added, and the black ones are to be used as resultants. 

Students record visual drawings of the licorice pieces under the predicted column for each description given.

Lead the group in a discussion of what their resultant vectors look like, and review rules for how they came up their answers. Emphasize the “tip to tail” rule and ask students if anyone can demonstrate to the class how to add perpendicular vectors (one north and one east). (Use large cut out vectors so entire class can see).

Students demonstrate knowledge/prediction of adding perpendicular vectors.

Students record visual drawing of actual resultant vectors based on class discussion.

Again, emphasize the “tip to tail” rule with the perpendicular vectors. Introduce how the resultant vector will always have its tail start at the tail of the first vector, and its tip will end at the tip of the second vector, but discourage kids from memorizing this trick, and Walk through a role play understanding, instead. 

Students will watch peers demonstrate motion to show why resultant faces certain way.

Some students will demonstrate motion by walking 10 steps north and then 5 steps east. Have another student mark path with chalk and use arrowheads at the end of each vector.

Discuss with the class that if (student’s name) walked north and then east, they must have been displaced a little bit north and a little bit east. Use the role playing students again to show that if the student had decided to walk a little bit north and a little bit east at once their motion would look like…. (have students show what they think, and have other student draw chalk to represent the vector and its direction. 

Go back to the large vector cut out pieces and re-state (with student help) what we discovered from the motion of their peers. Also, be sure to have them draw the actual way of adding vectors perpendicularly on their sheets next to their predictions.

Briefly question students as to why this vector addition stuff might be important to our everyday lives. (Prompt for answers such as traveling on a trip, going to a house on the other side of the city, finding the shortest route to getting out of the woods on a hike etc.)

Provide students with maps and rulers of their area of the city (we’ll say North Kildonan).

(Appendix C)

Students will use maps and rulers to measure displacement vectors for specified points along the map. 

Instruct students to follow guidelines provided at the top of the map, and use the scale provided as well. 

Exit Slip

If Bob rides his skateboard for 2 km south, then 1 km west, what general direction would his resultant displacement be in?

Describe how you have used or could use this theory of adding perpendicular vectors in your real life.

Are there any questions you have, or information I need to make more clear? 

Evaluation

-Students will be assessed on their map activities and how well they represent their knowledge of adding vectors, scales, and direction etc. I will also collect their exit slips to see how they apply their knowledge to the real world. 

In the next class I would be going over non-perpendicular vectors, and solving for the resultant vector using trigonometric functions.

Note: A summative test will also be used at the end of this unit on vectors. I will use the exit slips and class activities as formative assessments as well. 

Appendix A

The following are some examples of descriptions that are included in the first group activity in lesson 1.

Bob walked north to school 3km. Sally’s mom drove her to school and they drove 10km south. Point out the arrows that would represent Bob and Sally’s displacements. Place them on your table in the appropriate direction as well.

Andy likes to skateboard. He road his skateboard to Terry’s house, and ended up traveling 1km west, 3km north, and 7km south. Place the appropriate vectors on your table demonstrating the path in which Andy rode his skateboard.

Suzy just got her driver’s license and wanted to drive to Dairy Queen to celebrate. She lives 5km North of Dairy Queen and the speed limit on the streets she would use is 50km/hour. Choose the appropriate velocity vector to represent her velocity.

Each group would either get displacement vectors or velocity vectors, so they could look at all of the vectors (arrows) and pick the appropriate ones without getting confused.

Exit Slip #1

1. In your own words, describe the difference between vector and scalar quantities.

2. List the components of a vector i.e. what does the tail represent when describing motion.

3. What does the length of a vector represent when describing displacement? Velocity?

Appendix B

John was walking to school and had walked 0.5km east when he realized he had forgotten his science homework. He ran back home 0.5km west, and then looked at his watch to realize if he didn’t hurry he would be late. He decided to take the short cut to school which involved him jumping over fences and trudging through mud in a northeast direction. He figured he could make it in 5 minutes flat, and after ripping his jeans on Mrs. Plinko’s  barbed wire fence, and running knee deep in thick black mud, he ended up making it in 4 minutes 46 seconds, a record for John!

Every scenario would be different, but this is an example of one.

Appendix C
Map Activity

Using the knowledge you have learned about adding vectors, draw and add vectors on the map below to figure out the quickest way to get from Kildonan East to McDonald’s on Henderson Hwy.

Use the scale 1km = 5cm
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Kildonan East










   Collegiate

Questions

1. The Resultant vector of route A = ________________________

2. The Resultant vector of route B = ________________________

3. I found that route ____ was the quickest way to get to McDonald’s.

4. Explain the process(es) you used to add the vectors for each route, and how you figured out which route was the shortest.

5.  Explain both ways in which you could have gone about adding the vectors in the above map.  

6. Where might finding the shortest route to get somewhere be helpful (besides going to McDonald’s). List at least 3 situations.

Appendix D

Vectors and Vector Addition- Adding Perpendicular Vectors

Use the licorice on your tables to add the following vectors. Use the RED licorice to represent the displacement vectors, and use the BLACK licorice to represent the Resultant vector.

Be sure to trace the resultant vector onto this page in the space provided. 

Use the scale 1 licorice = 10m to measure your displacement vectors, and use the scissors provided to make the appropriate adjustments to their length.

A) Add a vector of 5m North with a vector of 10m South

B) Add a vector of 10m East to a vector of 20m West

C) Add a vector of 10m West to a vector of 10m East

D) Add a vector of 5m North to a vector of 5m East

Appendix E

5 = Full participation and cooperates well with others

4 = Participates most of the time, and cooperates well with others

3 = Distracts easily, and is off task some of the time, cooperates with others most of the time

2 = Is distracted most of the time, shows uncooperative behavior with others

1 = Barely participates in activity, shows uncooperative behavior with others

0 = Doesn’t participate in activity, distracts others cause them to be off-task

