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Module Summary

Overview of Module

This module is suited primarily for a physical science or a conceptual physics class.  It is based on a study of motion along two dimensions (kinematics) which leads to Newton’s Second Law.  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 Grade Level:  10th-12th grade
Recommended Subject Areas:  Physical Science, Physics, Algebra, Engineering, Technical Education

Cluster Knowledge and Skills and Performance Elements

Academic Foundations

· ESS01.03.04 Apply data and measurements to solve a problem.
· 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

· ESS04.07.02 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.
Next Generation Science Standards

· HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the mathematical relationship among the net force on a macroscopic object, its mass, and its acceleration.

· HS-PS2.A: Forces and Motion 

· HS-PS2.B: Types of Interactions

· HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.
Common Core Standards
Language Arts

· SL.11-12.1. Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grades 11–12 topics, texts, and issues, building on others’ ideas and expressing their own clearly and persuasively.
· RST.11-12.3.
Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks; analyze the specific results based on explanations in the text.
Mathematics
· A-CED.4. Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations.
Objectives

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

	· Understand the basics of data collection

· Understand the basics of tabulating data

· Apply kinematics equations in two dimensions

	· Accurately collect data

· Appropriately tabulate the collected data

· Appropriately use MS Excel

· Determine the elevation through which the object fell by applying the kinematics equations of motion
· Determine the velocity of the blimp 


Measurement Criteria

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

· How well they collect data (see teacher notes)

· How well they tabulate the collected data (see teacher notes)

· How well they use MS Excel

· Correctly using the kinematics equations of motion
· Correctly calculating the change in vertical position (elevation) for the free-falling object
· Correctly calculating the velocity of the blimp as it moves forward along a horizontal line at some constant elevation above the ground
Teacher Notes

· Assembling the BlimpDuino will require approximately 60 minutes before the class begins this module.  See instructions for ordering the kit in Section L of this module.  NOTE:  Allow three weeks for ordering the kit and/or other materials ahead of time.
· Teachers can modify the problem as they need.  The materials needed for this activity include

· BlimpDuino and its additional materials (see Section L.)
· Small helium tank
· Stop-watch, 
· Measuring tape or meter-stick
· Paper (lined and graph)
· Pencil
· Calculator
· Computer (MS Excel)
· The data collection should reflect appropriate significant digits based on the limitations of the tools used to collect the said data.  The data should have appropriate SI units of measurements.  There should be several rounds of data collected, then averaged for a better set of results.

· Introduce the activity as a study in motion, where the focus is to use physics kinematics formulas to determine unknown variables such as vertical change in position (elevation) of an object in free-fall.
· Emphasize the importance of a frame-of-reference when collecting data and deciphering information.  Recognize that the physics kinematics equations neglect air resistance.

· Compare and contrast distance with displacement and speed with velocity.  It is important to note that while moving through a complete cycle, the displacement is zero.  However, the distance measured is the collection of the length traveled.  Thus, the velocity of an object moving through a complete cycle is zero, but its speed is the total traveled distance divided by the total travel time.  Note that neglecting air resistance, an object undergoing free-fall only experiences a change in velocity due to gravity along the vertical line of motion.
· Have students identify any sources of error in their measurements.  This should be more explicit that just “human error”.

· This lesson is based on applying the kinematics equations of motion:
Kinematics Equations for a Projectile

	Horizontal motion
	Vertical motion

	ax = 0
	ay = g = - 10 m/s2 
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Notice the minus sign in the equations in the right column. Since the acceleration g and the initial vertical velocity voy are in opposite directions, we must give one of them a negative sign, and here we’ve chosen to make g negative. Remember, the horizontal velocity of a projectile is constant, but the vertical velocity is changed by gravity.

Therefore the equation for vertical change in position (elevation) becomes: 

y = ½ g t2
Time required to Complete Problem (Estimated):  two 45-minute class.

Module Support Materials Summary

Previous to this lab day, assemble the BlimpDuino according to the instructions found on its web site. http://diydrones.com/
Materials needed:
· BlimpDuino (see directions for ordering below)

· A small helium tank
· Stopwatch

· Measuring tape or meter stick

· Paper (lined and graph)

· Pencil

· Calculator

· Computer with MS Excel.  It is to be used to develop a spreadsheet for the data collected.
Websites:

· Instructions for assembling the BlimpDuino can be found at http://diydrones.com/profiles/blog/show?id=705844%3ABlogPost%3A44817.  If you cannot access this specific webpage, go to http://diydrones.com  and look at the links near the top of the page, such as Main, MyPage and Store.  Click onto the BlimpDuino link to see a description of the BlimpDuino as well as links to two sources for buying the kit.  The cost for the kit is approximately $89.  The BlimpDuino Controller Board is also available without the rest of the kit for approximately $35.

· Included on the BlimpDuino webpage are links to what else you’ll need, as well as instructions for making the kit, operating modes, and using the BlimpDuino as well as instructions for making it from scratch.

· Your BlimpDuino kit comes with most of what you need to complete the blimp, and all the hard-to-find and unique parts. Here's what else you'll need.  This list can also be seen at http://diydrones.com/profiles/blogs/other-things-youll-need-to
· A soldering iron and solder

· A FTDI cable (DIY Drones cable recommended) to program the board.

· Helium (Available in the balloon kits available for $18 at Target, or a larger tank from Amazon)

· A 7.4v LiPo battery (any other one of that approximate size and capacity will do, as long as it's under about 35-40 grams)

· A balancing charger (This one, with this power supply, will do the trick and is inexpensive)

· If you want to use RC mode, you'll need an RC system with at least three channels. Any will work, starting with simple systems such as this one. You’'ll also need two female-to-female RC cables.

· A 9v battery for the ground beacon

· Double-stick tape to attach the board to the gondola

· Velcro tape to attach the gondola to the envelope

· Superglue

	Lesson Outline
	UAV/BlimpDuino Study:  A Study of 2-D Motion

	Time Estimate:  Two 45-minute class period

	Objectives

	1. Accurately collect data

2. Appropriately tabulate the collected data

3. Appropriately using MS Excel

4. Determine the elevation through the object falls by correctly applying the kinematics equations of motion
5. Determine the velocity of the blimp as it moves forward along the horizontal at some elevation above ground level

	Materials & Resources

	· Handout 1: Procedure for Gathering Data and Entering into Spreadsheet

· Materials

· BlimpDuino

· Small helium tank

· Stop-watch

· Measuring tape or meter-stick

· Paper (lined and graph)

· Pencil

· Calculator

· Computer (MS Excel)

· Websites
     http://diydrones.com

	Agenda

	Step
	Minutes
	Activity

	0
	60
	Teacher:  Assemble the BlimpDuino previous to beginning this activity according to instructions at http://diydrones.com.  Hang a small plastic or Styrofoam plate from the rod which connects to the thrusters.  Place a marble on the plate.

	1
	20
	Lead a class discussion on why the listed careers might need to know this skill.

	2
	10
	Prepare classroom materials with needed equipment.  Pass out Handout 1 and give an overview of topic and plans to students.

	3
	20-30
	Have students follow the following steps:

1. Set the blimp into motion traveling at max thrust forward and keep that pace constant without change in elevation.

2. Tilt the blimp forward (nose pitch down) so that the object falls off.

3. Time the dropping of the marble from the initial elevation of the blimp to the ground.

4. Make an estimated measurement of the horizontal change in position for the free-falling marble from the moment it fell from the plate to the moment it lands on the ground.

5. Repeat as needed.

	4
	20
	Enter information into MS Excel.


Procedure for Gathering Data and Entering into a Spreadsheet
http://diydrones.com/profiles/blogs/instructions-for-using
Procedure
1. Hang a small plastic or Styrofoam plate from the rod which connects to the  

   two thrusters on the blimp itself.

2. Place a small object such as a marble on the plate.

3. Drive the blimp at maximum thrust from a designated initial position (origin) 
    noting that there are no obstructions in the way of the blimp as it is moving  

    through the air.

4. Attain a maximum velocity forward without change in elevation.  Keep the 
    blimp moving at that velocity constantly.

5. Pitch the blimp nose down (tilt it forward) so that the small object (marble) 
    slips off the plate, thus free-falling.

6. Time the falling of the small object (marble) from the moment it slips off 
    the plate till it hits the ground.  Record this information.

7. Redo Steps 3-6 at least five more times.

8. Make an estimated measurement of the horizontal distance the small object 
    (marble) moved.  Record this information.

9. To set this spreadsheet up, make one column for each of the following 
    variables and write the variable label in the top row of each column as “time”, 
    “accel.Y”, “elevation”, “range”, “accel.X” and “blimp vel.”

10. Enter all the recorded values into a spreadsheet such as MS Excel.  
     NOTE:

· The time values should have been attained by using the stop-watch. 

· The “accel.Y” is gravity (acceleration along the vertical axis).  Therefore, insert its value in the column for each round repeatedly as needed. 

· The “range” is the estimated measurement of the horizontal distance the small object (marble) moved.  Therefore, insert its value in the column for each round repeatedly as needed. 

· The “accel.X” is zero when we neglect air resistance.  Therefore, insert zero value in the column for each round repeatedly as needed.

11. Click on the cell for elevation where you want to enter the formula. 

      y = ½ g t2
12. Typing an equal sign (=) tells Excel that what follows is a formula.

13. Click on a cell to use its value in the equation.

14. Use math functions to finish the equation.

15. Press “Enter” to finish the equation.

16. Excel will perform the calculation and show the result in the cell.

17. Move pointer to the bottom right hand side of the resultant cell.  Then the 
     pointer will change to a cross sign.

18. Click and drag down the column for Excel to auto calculate the rest of the 
     results, developing values of elevation of the free-falling object for each 
     time interval measured.

19. Develop an average value for time and elevation in the last row of the Excel 
     sheet.

20. Using the same method identified in the Steps 11-17, enter another 
     formula.

     x = Vx t

 NOTE that the horizontal velocity represents the blimp speed where x is   

       the (range) horizontal displacement of the projectile object 
21. Name and save the file.
Teacher

Assessment Material
Final Evaluation Criteria
· The measurements taken (data collection) should reflect appropriate significant digits based on and corresponding to the limitations of the tools used to collect the said data.

· The measurements taken (data collection) should have appropriate SI units of measurements.

· There should be several rounds of data collected.
· Excel spreadsheet should have a title (e.g.:  Study of Kinematics in 2-Dimension).

· Excel spreadsheet should have six columns with titles being “time”, “accel.Y”, “elevation”, “range”, “accel.X” and “blimp vel.”

· Excel spreadsheet should show representations of average measurements for time, elevation, and blimp velocity.  Below the “time” column one cell for average time; below the “elevation” column one cell for average elevation; and below the “blimp vel.” column one cell for the average value of the blimp’s velocity.

· Students must identify at least three sources of error in their measurements or calculations.  
          Note:  It is not acceptable to simply state “human error”.

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:  A Study of 2-D Motion

	Student or Student Group Name: 

	Criteria
	Scoring

	
	1
	2
	3
	4
	5

	1.  Measurements taken reflect appropriate significant digits based on and corresponding to the limitations of the tool used in collecting that measurement.
	
	
	
	
	

	2.  Measurements are accompanied with appropriate SI units.
	
	
	
	
	

	3.  Student shows several rounds of data (measurements) collected.
	
	
	
	
	

	4.  Student’s Excel spreadsheet shows a title clearly identifying the activity.
	
	
	
	
	

	5.  Student’s Excel spreadsheet shows six distinct columns for each of the kinematics variables.
	
	
	
	
	

	6. Student’s Excel spreadsheet shows one average time interval.
	
	
	
	
	

	7. Student’s Excel spreadsheet shows one average elevation.
	
	
	
	
	

	8. Student’s Excel spreadsheet shows an average blimp velocity.
	
	
	
	
	

	9. Student has identified at least three sources of error in collecting and calculating the measurements
	
	
	
	
	

	10. Student has his or her name, class information and date on the material before handing it in.
	
	
	
	
	

	

	Total Score ____  


A P P E N D I X

Glossary of Terms
Acceleration:  Rate of change in velocity 

Displacement:  Change in position 
Horizontal:  A dimension or line of motion parallel to the ground level (x-axis)
Kinematics:  Study of motion (equations that show relationships between position, velocity, and acceleration) 

MS Excel:  Microsoft Excel is a spreadsheet program which is used for organizing and tabulating data 

SI units:  System International units of measurement (length in meters, mass in kilograms, and time in seconds) 

Speed:  Rate of total length traveled (total distance divided by time interval) 

UAV:  Unmanned aerial vehicle 

Velocity:  Rate of change in position (displacement divided by time interval) 
Vertical:  A dimension or line of motion along the y-axis, perpendicular to the ground level
Handout 1, A  Study of 2-D Motion Module
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