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Module Summary

Overview of Module

This module focuses on determining the flight path with the minimum distance traveled.  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

· ESS01.04 Demonstrate science knowledge and skills required to pursue the full range of post-secondary and career education opportunities.

· ESS02.01 Select and employ appropriate reading and communication

strategies to learn and use technical concepts and vocabulary in practice.

· ESS02.02 Demonstrate use of the concepts, strategies, and systems for obtaining and conveying ideas and information to enhance

communication in the workplace.

· ESS02.03 Locate, organize and reference written information from various sources to communicate with co-workers and clients/participants.

· ESS02.04 Evaluate and use information resources to accomplish specific occupational tasks.

· ESS02.09 Develop and interpret tables, charts, and figures to support written and oral communications.

Problem-Solving and Critical Thinking: 

· ESS03.01 Employ critical thinking skills independently and in teams to solve problems and make decisions (e.g., analyze, synthesize and

evaluate).

· ESS03.04 Conduct technical research to gather information necessary for decision-making.

· ESS04.02 Employ technological tools to expedite workflow.

· ESS04.07 Employ spreadsheet applications to organize and manipulate data.

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

· G-SRT.8. Use trigonometric ratios and the Pythagorean Theorem to solve right triangles in applied problems.
· G-CO.4. Develop definitions of rotations, reflections, and translations in terms of angles, circles, perpendicular lines, parallel lines, and line segments.
· G-CO.5. Given a geometric figure and a rotation, reflection, or translation, draw the transformed figure using, e.g., graph paper, tracing paper, or geometry software. Specify a sequence of transformations that will carry a given figure onto another.
· G-CO.12. Make formal geometric constructions with a variety of tools and methods (compass and straightedge, string, reflective devices, paper folding, dynamic geometric software, etc.).
· N-Q 2. Define appropriate quantities for the purpose of descriptive modeling. 

· 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. 

Objectives

	What I Want Students to Know
	What I Want Students to be Able to Do

	· How to put formulas in Excel

· The properties of Reflections in a line

· Pythagorean Theorem

· Distance formula
· Properties of similar triangles

· How calculations are used in future careers.
	· Use the distance formula

· Solve a problem numerically

· Identify and use the properties of reflections in a line to find a minimum path
· Determine the unknown length of one side of a triangle using the ratios of two similar triangles.

· Identify and research a Transportation Career that has to have knowledge of minimum flight plans.


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

· Use the Pythagorean Theorem to calculate the distance between points on a graph 

· Solve a problem numerically with Excel

· Using a graphing utility (Ti-83 or Ti-84) to find the max/min of a function

· Use the reflection transformation to geometrically find the minimum path
· Optional Method:  Use Optimization with calculus
Teacher Notes

· There are many ways to solve the problems given in this activity.  Three methods are introduced here; numerically, graphically with a Ti-83 or Ti-84 and finally by using reflection in a line.   An optional method using calculus is also given.
· Introduce the challenges of power supply for UAVs and the need for a minimum flight path


· Remind the students about the characteristics of reflections in lines.

Time required to Complete Problem (Estimated):   one 45-minute class
Module Support Materials Summary

Materials needed:
· Graph paper
· Graphing calculator (Ti-83 or Ti-84)
· Compass and protractor
· Computer (MS Excel)
	Lesson Outline
	UAV/BlimpDuino Study:  Minimum Flight Path

(Numerical Method and Reflection in a Line)

	Time Estimate:  One 45-minute class period

	Objectives

	1. Understand the need for minimum flight paths for UAVs

2. Solve for a minimum flight path numerically
3. Solve for a minimum flight path graphically with a Ti-83 or Ti-84
4. Solve for a minimum flight path using reflection in a line
5. Optional Method:  Use calculus (optimization) 

	Materials & Resources

	· Handout 1:  Quiz 1  (see assessment section of this module)
· Teacher’s Guide to Handout 1;  Quiz 1
· Grading Score Sheet
· Materials
· Graph paper

· Graphing Calculator
· Compass and protractor
· Computer (MS Excel)
· Websites
        http://www.education.ti.com/guidebooks/graphing/83p/83m&book-eng.pdf

http://www.khanacademy.org 


	Agenda

	Step
	Minutes
	Activity

	1
	5
	Explain the special need for the shortest flight path for UAVs and review the characteristics of reflection lines. 
Introduce the challenges of power supply for UAVs and the need for a minimum flight path.  Remind the students about the characteristics of reflections in lines.

	2
	25
	Give students Handout 1 and the Grading Score Sheet.  Have students use the rubric to ensure that they know by what they will be measured.

	3
	15
	Review the solution to Quiz 1 and the rubric.  

	4
	Homework assignment
	Research at least one occupation in Transportation that would need to understand how to calculate a minimum flight path and write a one page description of this career.


Teacher

Assessment Material
Final Evaluation Criteria
· Develop formulas for calculating ACB, CB and L.
· Create a table with the numeric values in Excel.
· Use reflection to find point C.
· Graph the algebraic expression for the distance in a correct window.

· Explain why reflection gives the correct answer.
· Give the advantages and disadvantages of each method.
· Identify a Transportation Occupation and describe this occupation as it relates to Minimum Flight Plans.


Quiz 1
Finding the minimum flight path is essential for many UAVs because of the difficulties in renewing their power supplies.  Minimum flight paths help the UAV to remain operational in the field longer.

The following figure shows two points A and B that represent the beginning and final destination of a UAV.  During its flight the UAV leaves point A and travels to line m representing an interstate to take pictures of any troop movement; it then proceeds to point B.  Your objective is to plot the shortest course to complete the mission. Solve the problem in three different ways: numerically, graphically using the Ti-83 or Ti-84 and finally by using the property of reflection in a line.  Give the advantages and disadvantages of each method.

                                                                                                                       B

                                                                             A                

                                                                    5 miles                                         8 miles
                                                                                           C

                                                           m                      X             (10-X)                   

                                                                                               10 miles
Teacher’s Guide to Handout 1 – Quiz 1

Solution:

Method I

The flight path is the sum of the distances of [image: image2.png]AC and CB



.  Using the Pythagorean Theorem, the length of the flight path is

[image: image3.png]



[image: image4.png]and CB = V8% + (10— x)?,





Now you can create a table using Excel where x is given a value, and the total length is calculated.  The value of x is incrementally increased, and the values of AC, CB and L are recalculated.

	X
	AC
	CB
	L

	0
	5
	12.80625
	17.80625

	0.5
	5.024938
	12.41974
	17.44468

	1
	5.09902
	12.04159
	17.14061

	1.5
	5.220153
	11.67262
	16.89277

	2
	5.385165
	11.31371
	16.69887

	2.5
	5.59017
	10.96586
	16.55603

	3
	5.830952
	10.63015
	16.4611

	3.5
	6.103278
	10.30776
	16.41104

	4
	6.403124
	10
	16.40312

	4.5
	6.726812
	9.708244
	16.43506

	5
	7.071068
	9.433981
	16.50505

	5.5
	7.433034
	9.17878
	16.61181

	6
	7.81025
	8.944272
	16.75452

	6.5
	8.20061
	8.732125
	16.93273

	7
	8.602325
	8.544004
	17.14633

	7.5
	9.013878
	8.381527
	17.39541

	8
	9.433981
	8.246211
	17.68019

	8.5
	9.861541
	8.13941
	18.00095

	9
	10.29563
	8.062258
	18.35789

	9.5
	10.73546
	8.01561
	18.75107

	10
	11.18034
	8
	19.18034


According to the table the minimum path is when x=4.  The advantage is that the formula used for each column simply uses the Pythagorean Theorem.  The problem with this method is if you want to accurately find a solution, you would have to select smaller and smaller incremental values to change x by; however, this could take up extra time and work space.  . The next table shows a portion of an excel worksheet where a smaller increment of 0.1 was used. Notice that a more accurate value of x was determined.

	3.50000
	6.10328
	10.30776
	16.41104

	3.60000
	6.16117
	10.24500
	16.40617

	3.70000
	6.22013
	10.18283
	16.40296

	3.80000
	6.28013
	10.12126
	16.40139

	3.90000
	6.34114
	10.06032
	16.40145

	4.00000
	6.40312
	10.00000
	16.40312


Method 2
From the previous method the final length, L, was determined to be AC + CB, or
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Now the expression for the length can be graphed in the students’ graphing calculator. There are many different sources for using the Ti-83 or Ti-84. The next website is just one of many.

 http://www.youtube.com/watch?v=blxaN6DCRqo
The minimum value of the function can be determined with the aid of the graphing calculator. Again, there are many sources to determine the minimum value of a function graphically. The following is just two of many.

http://www.youtube.com/watch?v=VlRC4TUsWDg
or

http://www.youtube.com/watch?v=xTofCWXtYyU
Using this method gives x = 3.846 and the total length L = 16.40122 
(compare this answer with the answer from the previous table)

The strength of this method is the speed and accuracy of the solution. The weakness is reliance on a graphing utility.

Method 3

Reflect point A in the line m to get point A’.  Draw line A’B.  Label the point of intersection between line A’B and line m as point C.  Point C is the solution.  The shortest path is by way of that point, because A’B is the shortest distance from A’ to B, and AC=A’C (property of reflection).

The graphical approximation is shown below. The advantage of this method is that it is short and fast. The disadvantage is that measurements must be approximated using a compass and scale or by the graph paper and scale.

Answers will vary according to the scale of the graph paper and precision of the student’s measurements.

                                                                                                                       B

                                                                             A                

                                                                    5 miles                                         8 miles
                                                                                                C

                                                                m                                                     

                                                                                               10 miles

                                            A’

Optional Method using Calculus

For more advanced students this problem can be solved using calculus. The student can treat this question as an optimization  problem. 

                                                                                                                     B

                                                                             A                

                                                                    5 miles                                         8 miles
                                                                                                C

                                                                m                                                     

                                                                                               10 miles

                                            A’

First determine the primary equation of the quantity that needs to be optimized, that is to be maximized or minimized.

Primary equation:         [image: image6.png]



Using Pythagorean’s theorem gives:
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Now rewrite the primary equation in terms of just one variable; that is x.
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, the feasible domain for x is:   
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Differentiation of L with respect to x gives
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,       now simplify and set equal to zero to get
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,             rewrite as
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,        square both sides and distribute to get
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,              now simplify to get
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,              solve this quadratic equation; preferably graphically

The solutions are found to be    x = 3.846   and    -16.667,

The negative answer is unacceptable.  It is not in the feasible domain of x.

The final answer is   x = 3.846  

This is the same value found for x using the second method.
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:  Minimum Flight Path

	Student or Student Group Name: 

	Criteria
	Scoring

	
	1
	2
	3
	4
	5

	1. Develops formulas for calculating AB, CB and L
	
	
	
	
	

	2. Creates a table with the numeric values in Excel
	
	
	
	
	

	3. Creates a second table with smaller increments around the first approximate solution
	
	
	
	
	

	4. Graphs the function representing the total length in their graphing calculator in an appropriate window.
	
	
	
	
	

	5. Correctly determines the coordinates of the minimum of the function and understands how the coordinates represent the solutions.
	
	
	
	
	

	6. Uses Reflection to find point C and determines the approximate values using scale and a compass.
	
	
	
	
	

	7. Explains why reflection gives the correct answer
	
	
	
	
	

	8. *Optional Method: 

a. Develops the primary equation to be optimized in terms of one variable. 
	
	
	
	
	

	b. Differentiates the primary equation correctly.
	
	
	
	
	

	c. Sets the derivative equal to zero and solves for the variable. Eliminates any unacceptable solutions.
	
	
	
	
	

	9. Gives the advantages and disadvantages of each method
	
	
	
	
	

	

	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
Derivative:  In calculus the derivative is the rate of change of a function as the input changes   

Differentiation: The process of finding a derivative is called differentiation

Domain: The set of all allowable inputs to a function

Optimization: An application of calculus where the minimum or maximum of a primary function are determined based on the feasible domain of the function   
Pythagorean’s Theorem:  In a right triangle the sum of the square of the legs is equal to the square of the hypotenuse 
Reflection:  A type of transformation that uses a line like a mirror 
Handout 1, Quiz 1 
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