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Instructional Component Used: Systems of Equations
Grade Level: Honors Geometry – 9th/10th Grades
Content (what is taught): 
· Apply the formula for a circle: 

· Solve a system of equations with two variables.

· Apply systems of equations to two circle equations.

Context (how it is taught):

·  Two robots travel along two circular paths.

·  Algebraically predict the locations of where the circles will intersect.

·  Program the robot to travel along the circular paths and what to do at the intersections.
Activity Description:

In this lesson, students investigate the intersection of two circles in relation to robots finding each other.  After learning about how to solve systems of equations, students will program robots to travel in generated circles toward the points of intersection.

Standards: 

· Math – MA2, MB3, MC2

· Science – SA1, SE1

· Technology – TA3

Materials List: 

· Two classroom robots

· Meter sticks

· Masking tape

Asking Questions: (Don’t Hit the Wall-e!)
Summary: 

The teacher demonstrates two robots that have been programmed to drive in circles with different radii in order to elicit ideas from students.  Students will be asked if patterns or relationships are present in the circles.  Also, students will be asked how multiple circles can be used to find intersections.
Outline: 

· Program two robots wherein each robot has two wheel speeds, left and right sides.

· The robots will travel in circles and almost intersect, but programmed to stop just before intersecting.

· Ask the students what information the robots would need to know in order to travel in these paths.

Activity: 

Demonstrate two robots traveling in circles of varying radii from different centers.  Then demonstrate two robots traveling in circles of varying radii with the same center.  Point out the size and centers of the circles.
	Questions
	Answers

	What do the paths look like?
	Circles

	How are the circles different?
	The circles have different radii, diameters, and circumferences.

	Which robot is travelling faster?
	It depends on how you look at it, and what the speeds are.  One robot may be completing its circle faster but the wheels may be rotating slower.

	What causes the robots to act differently?
	Different centers, and one wheel of a robot is rotating slower than the other wheel.

	If two robots were traveling the same circle would they bump into each other?
	It depends on the speed of the wheels.

	If two robots are centered at certain spots, how can circles be used to find a third location?
	The intersection of the two circles could be the desired location.

	How can this exercise demonstrate anything in the real world?
	We can use circles such as GPS or homing beacons to locate faraway objects.  We may also want to detect objects before collision.


Exploring Concepts: (Don’t Hit the Wall-e!)
Summary: 

Students will modify the wheel speeds of a robot, causing it to drive in various-sized circles while recording the data in a chart.

Outline: 

· Students will modify the programming of a robot’s two wheels.

· The robot will be driven in circles.

· The diameter will be measured and students will record the diameter, radius, and wheel speeds.

· Students will gather information from other groups to compile a large data set.

· Students will repeat this process until an adequate data set (at least ten different circles) is created.
Activity: 

Students will work in groups of 2-3 to change the parameters of a robot’s programming.  The floor will be marked by masking tape in regular intervals as an [image: image4.png]
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 coordinate grid.  Students will stand on either side of the projected diameter and then use a meter stick to find the diameter of the robot’s path.  Students are to record all of the information in a table and later share this information with each other to form a large data set.  Groups may also explain to each other why certain variances in speeds cause certain patterns from the robots.

	Trial
	Left Wheel Speed
	Right Wheel Speed
	Diameter
	Radius
	Circumference
	Center
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	2)
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	4)
	
	
	
	
	
	


Instructing Concepts: (Don’t Hit the Wall-e!)
Putting “Systems of Equations” in Recognizable terms:  Systems of equations are found in many different phenomena that we encounter every day where two or more variables are related in several different ways, each being a function.  A solution of a system of equations is an ordered pair of values that satisfies both (or all) of the functions relating the two variables.

Putting “System of Equations” in Conceptual terms:  The values of the ordered pair(s) that satisfies a system of equations are the coordinate(s) of the point where the graph(s) (representing the functions relating the two variables) intersect.

Putting “Systems of Equations” in Mathematical terms:  Since a graph is composed of all the points whose ordered pairs satisfy the equation, and since every point on the graph has coordinates that solve that equation, then the point where the two graphs intersect (cross) has coordinates that satisfy both functions, thus being a solution to the system of equations.

Putting “Systems of Equations” in Process terms:  When we plot any two functions, we may have one and only one of the following three circumstances:

1) One point of intersection – one solution to the system of equations (independent, consistent system of equations).

2) Coincident functions (the same function) – an infinite number of solutions to the system of equations (dependent equations).

3) Non-intersecting functions – no real solution to the system (independent, but inconsistent situation).
Putting “Systems of Equations” in Applicable terms:  After solving a system of simultaneous equations by using either the Substitution or the Elimination (Addition) Method, drive the robot to the point which represents the ordered pair of the solutions.  Note what happens when the system is either dependent or inconsistent, i.e. there will not be a single solution point.

Organizing Learning: (Don’t Hit the Wall-e!)
Summary: 

Pairs of students will be given two random points from a coordinate plane that will be drawn on the floor through masking tape.  Students are to come up with equations of two circles that will intersect and be able to predict where they intersect using systems of equations.
Outline: 

· Organize the data collected in a chart.

· Once students determine the radii, students are to find the points of intersections using algebra or a graphing utility.

· Using information from their exploration data, students are to figure out what the wheel speeds of the robots would need to be to travel on the circumference of the circle.
Activity: 

Place students in groups in pairs along wherein each group is given two random coordinates.  Mark the floor with masking tape to create an [image: image8.png]
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 coordinate grid to aid the students visually.  Students will need to estimate radii in which the circles would intersect in two locations.  After students come up with the two equations of their two circles, they will need to algebraically or graphically find the two points of intersection.  Last, they need to find the left and right wheel speeds of two robots that would travel the circumference of the circle by using information from the Explore activity.

	
	Circle #1
	Circle #2

	Center
	
	

	Radius
	
	

	Equation
	
	

	Intersection #1
	

	Intersection #2
	

	Left Wheel Speed
	
	

	Right Wheel Speed
	
	


Understanding Learning: (Don’t Hit the Wall-e!)
Summary: 

Give the students a writing prompt asking them how three or more robots can be utilized to find each other when each robot can only find two other robots.  Ask students to produce a specific example.
Outline: 

· Formative assessment of systems of equations.
· Summative assessment of systems of equations.
Activity: 
Students will complete written and quiz assessments related to systems of equations.
Formative Assessment

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

1) Do students understand how to place values in the formula for a circle?

2) Do students understand what the points of intersections represent?

3) Can students find the correct points of intersection?

4) Do students understand the relationship between differing wheel speeds and the concepts of radius and circumference?
Summative Assessment:  

Students can answer the following writing prompt.
“Suppose you have several robots in a confined area.  Each robot can only see one or two other robots.  How would the first robot find the last robot?  Be specific, using vocabulary and terminology from this lesson.  Also, create a numerical example with solution to support your reasoning.  Finally, explain how this lesson can be used in a real-life situation besides the above scenario.”

Students can complete the following quiz questions.
Solve the following systems of equations.  

1) 

2) 
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