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Lesson Title: Vectors

Draft Date: 7-2-2012
1st Author (Writer): Elissa Gilger

Instructional Component Used: Euclidean Vectors

Grade Level: High School

Content (what is taught): 
· Definition of a vector

· Solving for resultant vectors or components of resultant vectors

Context (how it is taught):
· Watch videos and ask leading questions to comprehend how the direction and magnitude of vectors affect the resultant vector
· Draw vectors with the correct magnitude and angle
· Draw vectors to scale using the tail-to-tip method to solve for the resultant vector
· Resolve vectors to place barriers at correct locations for the CEENBoT in “bumpbot mode” to maneuver from a start to finish line

Activity Description:

Students will be engaged by three video clips and asked leading questions to comprehend how the direction and magnitude of a vector affects the resultant vector.  They will then devise a method for solving the resultant vector in each scenario provided.  Next, students will draw out vectors at various angles and lengths to scale applying the tail-to-tip method to solve for the resultant vector by measuring the final result. Finally, students will apply their knowledge of resolving vectors as they use CEENBoT’s in “bumpbot mode” to bounce off barriers placed in particular locations to maneuver the CEENBoT from a start to finish line. 

Standards: 
Math: MA3, MD2




Science: SB1, SE2
Technology: TD2, TD3



Engineering: EA6
Materials List: 

· Internet

· Projector

· Ruler

· Protractor

· CEENBoT

· 5 wooden barriers (12 in x 4 in 2 pieces of wood screwed together making an L shape)
Asking Questions: (←VE↑CT→OR↓)
Summary: Students will watch three videos and discuss how to calculate vectors.

Outline:

· Students will watch three videos of objects whose velocity and direction are affected by other objects velocity and direction

· Students will discuss how to solve differing vector problems based on the real life examples.

Activity: Students will watch three videos discussing the effects of vectors and how to calculate vectors based on the direction they are traveling. 

	Questions
	Answers

	In the video clip of the escalator, did the speed of the three people appear to be running faster or slower than the down escalator? Explain.
	Running faster because the escalator is traveling at a speed and the runners must runner faster than the escalator to be able to travel up to the escalator.  

	If the escalator was moving at a velocity of 1 m/s downward and the three people were moving at a rate of 1.3 m/s upward, what is the overall velocity of the three people? Explain how this answer was determined.
	0.3 m/s upward…subtract the upward velocity and downward velocity as they are in opposite directions. 

	What if the three people choose to run downward with the escalator at the same rates as the last question, what is the overall velocity of the three people?  Explain how this answer was determined. 
	2.3 m/s downward…add the both velocities together as they are in the same direction.

	In the video clip of the ducks, from what angle does the wind hit the ducks? 
	Very close to a 90˚ angle.

	If the ducks were traveling at 0.02 m/s South, and the wind was traveling at 18 m/s (40 mph) West, what was the overall velocity of the ducks? Explain how this answer was determined. 
	18 m/s SE using Pythagorean’s Theorem to calculate (0.022 + 182 = √324.0004 = 18 m/s).  Definitely the wind was more powerful in this case as the ducks were so light.

	In the video clip of the plane, why is it having difficulty flying straight?
	There is a cross wind blowing the plane off course.

	The plane is definitely larger than the ducks were, but is still having difficulty.  If a person knows that the plane is flying off course at a 75˚ angle NE traveling at 420 km/h determine the original speed of the plane if it was traveling due North? Explain.
	Resolve vectors using trigonometry, so sinθ=opp/hyp…sin75˚*420=392 km/h


Resources:
· The Great Escalator Run-Peachtree Center MARTA Station in Atlanta, GA http://www.youtube.com/watch?v=BooG_83K7Mw
· Ducks blown off their feet by the wind: http://www.youtube.com/watch?v=SEBLt6Kd9EY
· Disaster-airplane blowing in the wind and crashes: http://www.youtube.com/watch?v=B7CF2A_4aeU
Exploring Concepts: (←VE↑CT→OR↓)
Summary: Students will develop skills at drawing vectors, recognizing quadrants variations on positive or negative cosine/sine functions, and using the tail-tip drawing method to solve for resultant vectors.
Outline: 

· Draw vectors to the correct length and angle

· Determine if the angle creates a positive or negative cosine/sine value

· Draw pairs of vectors to scale using the tail-tip method at the correct angle to solve for the resultant vector from the drawing

Activity:  Students will use a ruler and protractor to draw vectors at the correct length and angle.  Then, students will be asked questions to help them recognize the negative and positive values of cosine/sine functions of different angles using the 360˚ coordinate system. Finally, using a ruler and protractor students will draw simple vectors to scale and calculate the resultant vector and angle based on their drawings.  For a detailed activity description see attached file: S151_SPIRIT_Vector_E_Activity.doc
Attachment: 

· S151_SPIRIT_Vector_E_Activity.doc

Resources:

· Ruler and protractor

· Calculator

Instructing Concepts: (←VE↑CT→OR↓)
Euclidean Vectors
Putting “Euclidean Vector” in Recognizable Terms:  A Euclidean vector is a quantity with magnitude (amount) and direction.  Euclidean vectors are used in physics, engineering, and mathematics to calculate many different qualities when position or trajectory of an object is important.  Examples of vector quantities would be displacement, velocity, acceleration, and force. The opposite of a vector quantity is a scalar quantity or one that does not include direction.  Examples of scalar quantities would be distance, speed, mass, time, area, and circumference. 

Putting “Euclidean Vector” in Conceptual Terms:  A graphical depiction of a Euclidean vector typically is an arrow.  The length of the arrow denotes the magnitude and the arrow point denotes the direction.  The directional form recorded (degrees, radian etc.) depends on the coordinate system used.  
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vector.  However, if the vectors are at angles other than 90˚.  The resultant vector can be solved for by combining the x and y components from joined vectors. Viewing the diagram to the left: Rx=Ax+Bx and Ry=Ay+By, to find the resultant vector use Pythagorean’s Theorem (Rx2+Ry2=R2). The reverse process is known as “resolving vectors” using triangle trigonometry relationships to solve for the x and y components when only the resultant vector is known. An example would be if “R’s” magnitude and angle were known in the diagram above, solving for Rx=Rcosθ and Ry=Rsinθ.  Other components such as angles may also be solved for using the triangle trigonometry relationships. These are several common methods of calculating resultant vectors or components of resultant vectors, although other methods are employed depending on the application and number of dimensions involved.

Putting “Euclidean Vector” in Process Terms: A graphical process may also be useful in solving for resultant vectors.  Using the diagram above, drawing vectors A and B to scale placed in a tail-to-tip position as well as in the correct direction will provide a solution for the resultant vector, “R’s”, magnitude and direction, just by measuring “R” on the drawing.  

Putting “Euclidean Vector” in Applicable Terms:  Euclidean vectors have many functions in physics, engineering, and mathematics.  Vectors are utilized in solving geometric, displacement, velocity, acceleration, force, electric field, trajectory, and directional derivatives types of problems to name a few. Such a list provides a glimpse at the wide spread applicability of Euclidean vectors. 

Organizing Learning: (←VE↑CT→OR↓)
Summary:  Students will resolve vectors to determine the locations of barrier such that a CEENBoT programmed on “bumpbot mode” will detect the barriers and be directed on a path from a start to finish line within a Bumpbot Square. 

· Outline: 

· Tape out a Bumpbot Square on a carpeted surface

· Teacher led explanation about the actions of the CEENBoT in “bumpbot mode”
· View demonstrations of a 1 and 2 barrier challenge for a CEENBoT in a Bumpbot Square

· Students will perform 2, 4, 3, and 5 barrier challenges in that order based on difficulty by applying knowledge of resolving vectors to determine the location of the barriers

Activity:  Student pairs will make a Bumpbot Square using masking tape on a carpeted surface according to the correct dimensions.  Next, students will view demonstrations using the CEENBoT in “bumpbot mode” with 1 and 2 barriers, after which the teacher will employ leading questions to aid students in understanding the basics of using the CEENBoT in “bumpbot mode” as well as beginning angles from the start area. Given the initial angle and speed of the CEENBoT as well as the number and time each barrier is hit, students will apply their knowledge about“resolving vectors” to determine the location of each barrier (2, 4 then 3 then 5 barrier challenges).  Students will then time the CEENBoT in “bumpbot mode” determining if they placed the barriers in the correct spot.  If the run is a success, students will move on to the next challenge.  If not than students will make adjustments until the CEENBoT is able to perform the challenge as well as explain why adjustments were needed.
NOTE: To have the CEENBoT function at a constant speed and backups a constant distance when in bumpbot mode it must have a program installed using the AVR Programmer.  The program can be downloaded in the attached zip file and installed using CEENBoT Commander. Program file in: S151_SPIRIT_Vector_O_CEENBoT_Vectors_Program.zip 
Resources: 

· “Vectors” CEENBoT Commander program: 
S151_SPIRIT_Vector_O_Vectors_CEENBoT_Program.doc
S151_SPIRIT_Vector_O_Vectors_CEENBoT_Program.zip
Attachments: 

· Bumpbot Square Diagram: S151_SPIRIT_Vector_O_BumbBot_Square.doc
· Demonstration of 1 & 2 Barriers: S151_SPIRIT_Vector_O_BumbBot_Square_Examples.doc
· Bumpbot Vectors Lab: S151_SPIRIT_Vector_O_Vectors_Lab.doc
Understanding Learning: (←VE↑CT→OR↓)
Summary:  Students will answer writing prompts and perform calculations solving for resultant vectors and their components.

Outline: 

· Formative Assessment of Euclidean Vectors
· Summative Assessment of Euclidean Vectors
Activity: 

Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) Are students able to draw the vectors in the correct direction to help them solve problems?

2) Were students able to use the correct trigonometry sine, cosine, tangent functions to solve for the vector components?

3) Were students able to resolve a vector into its x and y components?

Summative Assessment: Students can answer the following quiz questions:
1) Explain the mathematical steps to resolve a vector, Q, into its x and y components.

2) Solve the following vector problems:

A) If a man ran 0.36 m/s up an escalator traveling 0.8 m/s downward, what would be the resultant velocity of the man?

B)              What is the value of side x and θ?




C) If a kite is being pulled 0.2 m/s by a little boy at a 35˚ angle and encounters a 6 m/s wind from a 20˚ angle, determine the resultant velocity of the kite.

D) If later the kite is found to be traveling at 8 m/s at a 70˚ angle, determine the speed of the crosswind (assuming it comprises the y component).
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Putting “Euclidean Vector in Mathematical Terms: Euclidean vectors are also referred to as geometric vectors because geometric principles are applied to calculate the resultant vector or overall magnitude and direction operating after all the vectors are taken into account. If the vectors are in the same direction (→ and →) simply add the vectors together.  If the vectors are in opposite directions (→ and ←) simply subtract the vectors from each other. If the vectors are perpendicular to each other (↑→) then Pythagorean’s Theorem (a2 + b2 = c2) is used to determine the resultant 
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