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Module Summary

Overview of Module

This module focuses on determining the rate of fossil fuel consumption  in order to develop a mathematical model.   This module is most appropriate for students in grades 10-12.
Primary Career Cluster

Transportation, Distribution and Logistics

Science, Engineering, Technology and Math (STEM)

Primary Career Pathway:  Transportation Operations, Facility and Mobile Equipment Maintenance, Engineering and Technology, Science and Mathematics 

Related Occupations:  Aerospace Engineer, Aeronautical Engineer, Mechanical Engineer,  Electronics Technician, Computer Programmer, Computer Engineer, 
  Systems Engineering/Technician, Robotics/UAV, Math & Science Educator, 
   Pilot

Recommended Subject Areas:  Physical Science, Physics, Algebra, Engineering, Technical Education, Principles of Engineering

Cluster Knowledge and Skills and Performance Elements:

Academic Foundations

· ESS01.03.06 Construct charts/tables/graphs from functions and data. 

· ESS01.04.02 Apply scientific methods in qualitative and quantitative analysis, data gathering, direct and indirect observation, predictions and problem identification.  
Communications

· ESS02.01.02 Demonstrate use of content, technical concepts and vocabulary when analyzing information and following directions. 

· ESS02.09.01 Create tables, charts and figures to support written and oral communications.

Problem-Solving and Critical Thinking

· ESS03.01.05 Evaluate ideas, proposals and solutions to problems.
· ESS03.01.06 Use structured problem-solving methods when developing proposals and solutions.
· ESS03.04.02 Gather technical information and data using a variety of resources.
Information Technology Applications

· ESS04.07.01 Create a spreadsheet.
· ESS04.07.02 Perform calculations and analyses on data using a spreadsheet.

Leadership and Teamwork
· ESS07.03.01 Work with others to achieve objectives in a timely manner.
Common Core Standards:



Language Arts

· RST.9-10.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 9–10 texts and topics.
Mathematics

· A-CED.2. Create equations in two or more variables to represent relationships between quantities; graph equations on coordinate axes with labels and scales.
· A-CED.3. Represent constraints by equations or inequalities, and by systems of equations and/or inequalities, and interpret solutions as viable or nonviable options in a modeling context.
· A-CED.4. Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations.
· N-Q 1. Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.
· A-REI 1. Explain each step in solving an equation as following from the equality of numbers asserted at the previous step, starting from the assumption that the original equation has a solution. Construct a viable argument to justify a solution method. 
· A-REI.6. Solve systems of linear equations exactly and approximately (e.g., with graphs), focusing on pairs of linear equations in two variables.
Objectives:
	What I Want Students to Know
	What I Want Students to be Able to Do

	· Understand how to solve simultaneous equations 
· Understand graphing inequalities 
· Understand how to solve systems of inequalities graphically
· Understand optimization

	· Develop sets of simultaneous inequalities from a word problem 
· Analytically find the intersection of two lines by solving simultaneous equations
· Calculate the equation of a line when given two points
· Find the intersection between lines using graphing calculators
· Use a graphing calculator (TI-83 Plus, or TI-84) to graph lines


Measurement Criteria
Students will be assessed on this problem-based dynamics study on the following criteria:

· Develop the objective function from a word problem

· Develop inequality equations representing the constraints from a word problem

· Develop sets of simultaneous equations from a word problem
· Graph inequalities to determine the region of acceptable answers
· Use graphing calculators to graph inequalities
· Analytically find the intersection of two lines by solving simultaneous equations

· Find the intersection between lines using graphing calculators 
· Determine which of the vertices from the region of acceptable answers maximizes or minimizes the objective function
Teacher Notes

· Most of these types of problems (linear programming) take a lot of time to work out in class; assign students to teams of two or three.

· The students would benefit by a small research assignment regarding linear programming and its applications to UAVs.
· First a couple of examples are given to reintroduce solving systems of linear inequalities and graphing the feasible region of solutions.  Then the process of optimization is introduced, and the students will be guided through two examples developing inequality equations that represent the constraints and objective of word problems.
· Sketch graphs of inequalities in two variables and solve the systems of inequalities analytically and graphically.  Introduce the feasible region of solutions, optimization through linear programming and how to use linear programming to model real-life problems.

· Introduce the feasible region of solutions, optimization through linear programming and how to use linear programming to model real-life problems.  Have students solve a real-life problem of optimization.
Time required to Complete Problem (Estimated):  one 55-minute class.  
Module Support Materials Summary:
Materials needed:
· Graph paper

· TI-83 Plus or TI-84 graphing calculators with a USB connection

· Computer/projector with the capability to show the operation and results of the graphing calculator
· A computer with Microsoft Excel installed on it (solver method)

Websites:

· To find the intersection between lines with the TI-83 or TI-84

· http://www.keypress.com/documents/daa2/CN84/DAA2CN84013_08.pdf
	Lesson Outline
	UAV/BlimpDuino Study:  Linear Programming

	Time Estimate:  One 55-minute class period

	Objectives

	1. Develop system of inequalities (constraints) from a word problem

2. Use graphing calculators to find the region of feasible solutions

3. Find the intersection between lines analytically and graphically

4. Develop an understanding of optimization through linear programming

	Materials & Resources

	· Handout 1:  Procedure to Graph Inequalities with Two Examples

· Handout 2;  Optimization 
· Handout 3:  (Quiz 1 with solution)

· Handout 4:  (Grading Rubric for Quiz 1)

· Materials
1. TI-83 Plus or TI-84 graphing calculators with USB connection

2. Overhead projector

3. Graph paper
4. Computers with MS excel (solver method)
· Website
       http://www.keypress.com/documents/daa2/CN84/DAA2CN84013_08.pdf
 

	Agenda

	Step
	Minutes
	Activity

	1
	15
	Give students Handout 1.  Reintroduce solving systems of linear inequalities and graphing the feasible region of solutions; guide students through the two examples given.   NOTE:  Always have students draw vertical lines (x=k) by hand since many graphing calculators do not have the capability to graph vertical lines.

	2
	25
	Give students Handout 2.  Introduce process of optimization and guide students through two examples developing inequality equations that represent constraints and objectives of word problems.

	3
	5
	Give students Handouts 3 and 4 to complete at home using the scoring guide to evaluate their own performance before handing in their quizzes.



Procedure to Graph a System of Linear Inequalities

http://www.keypress.com/documents/daa2/CN84/DAA2CN84013_08.pdf
Procedure

Follow these steps for each inequality in the system:
1. Replace the inequality sign in the equation with an equal sign.

2. Sketch the line representing the equation, but use a dashed line if the sign replaced was < or >.

3. Test a point in each region the line has formed to determine if the region is a solution to the inequality.

4. Shade the half-plane that represents the solution.

5. The region that satisfies all the inequalities is the final answer.
Example 1:

Graph the system of linear inequalities given below and find the point of intersection.
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SOLUTION

Rewrite inequalities as equations and solve for y.
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Graph the system of equations
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The point of intersection can be found analytically or with the aid of a graphing calculator to be at [image: image7.png]


 
See website: http://www.keypress.com/documents/daa2/CN84/DAA2CN84013_08.pdf
The solution to the system of inequalities is the shaded region of the plane
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Example 2

2. Find the region bound by the following system of inequalities
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Rewrite inequalities as equations and solve for y.
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Graph the system of equations
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The window was set as follows:
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Use the following steps the find the intersection of the two lines.

Use 2nd  then TRACE and then select 5:intersect from the table of options.

Select the first curve by hitting the ENTER key and then select the second curve the same way. Finally, hit ENTER one last time for the solution.

Answer:      X=21,   Y=1

Optimization

Optimization is the process of finding the minimum or maximum of a quantity (the objective function).

In a system of inequalities the minimum or maximum of an objective function will exist at a vertex of the feasible region of solutions if the region is bounded.
Example 1:

A UAV manufacturer makes two types of recreational UAVs. The following table shows the amount of time, in hours, required for assembling the parts, programming the UAVs and packaging for each type. 

	
	Assembly
	Programming
	Packaging

	TYPE 1
	14
	2.5
	1

	TYPE 2
	18
	1.5
	2.2


The total amount of time that the manufacturer has available for assembling is 20,000 hours, for programming is 3,000 hours, and for packaging is 2,000 hours.  

If the profits for Type 1 is $120 and the profits for Type 2 is $130, then what are the number of UAVs of each type that must be manufactured to maximize the profit?

Teacher’s Guide to Handout 2 – Optimization

Solution:

Select x: number of Type 1, and y: number of Type 2.

Remember  x and y must be greater than zero since you cannot make a negative number of items.

i. Write the objective equation

[image: image14.png]P = 120x + 130y




ii. Write the system of inequalities that represent the constraints
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iii. Graph the region of feasible solutions
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iv. Find the intersections between each pair of lines

Between lines 1 and 2

Between lines 2 and 3
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Between lines 1 and 3
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Two other vertices bound the region; they are the smallest x and y intercepts on the graph. [image: image23.png](1200,0) and (0,909)




v. Use the coordinates of the vertices to determine the value of the objective function at that point. (You cannot make a fraction of an item so the numbers of items from the vertices have been rounded)
[image: image24.png]At (1000,333):

120(1000) + 130(333) = 163,290




[image: image25.png]At (900,500): P = 120(900) + 130(500)

173,000




[image: image26.png]At (625,625)

120(625) + 130(625.

156,250




[image: image27.png]At (1200,0): P

20(1200) + 130(0)
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From the results above the maximum profit will be reached when the manufacturer produces 900 of Type 1 and 500 of Type 2. 


Take-Home Quiz 1

Complete this quiz at home.

Transportation is the movement of people or goods from one location to another.  Shipping companies, such as UPS, FedEx, and DHL, depend on efficient and effective transportation of the goods that they are tasked to ship.  These businesses commonly have transportation managers who are tasked with overseeing the transportation operations.  Transportation managers try to make the company money, while making sure that the operations are efficient, effective, and smooth.  

You are a transportation manager for a shipping company.  A small company that makes UAVs has contracted your company to ship their product from the west coast, where they have their production, to an Unmanned Systems Convention in Washington,  DC.  The client wishes to ship two different types of UAV.   The Type1 UAV is packaged in a 2ft x 2ft x 3ft box.  The Type2 UAV is packaged in a 2ft x 3ft x 3ft box.  

Based on the contract, only one of your cargo planes will be used to ship these UAVs.  Your company uses Boeing 767-300ER as the basic cargo plane.  The Boeing 767-300ER has 3,840 ft3 of cargo space.  The contract also states that your company will profit $60 for each Type 1 and $80 for each Type 2 that you transport.  Your company also has to insure these products during transport.  There is a $100,000 insurance limit cap for this contract.  The total amount of product that you transport cannot be more than the insurance limit.  The value of Type 1 is $400 and the value of Type 2 is $300.  

Determine how many Type 1 and Type 2 UAVs that you can transport under this contract in order to maximize your company’s profit.  

Teacher

Assessment Material
Final Evaluation Criteria

Students will be assessed on this module using the following criteria:

· Developed the objective function from a word problem.

· Developed inequality equations representing the constraints from a word problem.

· Developed sets of simultaneous equations from a word problem.

· Graph inequalities to determine the region of acceptable answers.

· Use graphing calculators to graph inequalities.

· Analytically found the intersection of two lines by solving simultaneous equations.

· Found the intersection between lines using graphing calculators.
· Determined which of the vertices from the region of acceptable answers maximizes or minimizes the objective function.
Teacher’s Guide to Handout 3 – Take-Home Quiz 1
Solution:

Select x: number of Type 1, and y: number of Type 2

Remember  x and y must be greater than zero since you cannot buy/sell a negative number of items.

i. Write the objective equation
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ii. Write the system of inequalities that represent the constraints
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iii. Graph the region of feasible solutions
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iv. Find the intersection between the lines and the vertices of the region
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v. Use the coordinates of the vertices of the region to find where the objective function is maximized.
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The company should ship 180 Type 1 models and 93 Type 2 models.
Final Evaluation Scoring Guide or Rubric

Scoring Legend:

1 – Poor  2 - Below Average  3 – Average  4 – Above Average  5 - Excellent

	Grading Score Sheet for UAV/BlimpDuino:  Linear Programming

	Student or Student Group Name: 

	Criteria
	Scoring

	
	1
	2
	3
	4
	5

	1.  Develops objective function from a word problem
	
	
	
	
	

	2.  Develops a system of inequality (constraints)
	
	
	
	
	

	3.  Creates a graph of feasible region of solutions
	
	
	
	
	

	4.  Finds the coordinates of the vertices of the region
	
	
	
	
	

	5.  Uses coordinates of the vertices to optimize the objective function
	
	
	
	
	

	

	Total Score ____  


A P P E N D I X

[UPDATE: The current BlimpDuino kit has been discontinued. The manufacturer is working on a new design. Instructors may use a similar blimp or UAV until the new design is available.]
Glossary of Terms
Feasible region of solutions: The graph created from the inequalities of the constraints

Linear programming: The process of optimizing a linear objective function using the system of inequalities developed from the constraints of the problem

Objective function: The value, function, which you want to maximize or minimize

Optimization:  A process that finds the minimum or maximum value of an objective function

Solution: A value that makes the inequality a true statement

System of linear inequalities:  A set of linear inequalities that one deals with all at once

Handout 1 Linear Programming Module





Handout 2 Linear Programming Module





Handout 3 Linear Programming Module
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