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“Aircraft and Powered Flight” Suggested Timeline
	Title
	Standards addressed
	Components
	Materials
	Time

	Activity 1: Principles of Flight
	1. Newton's laws predict the motion of most objects. 

Alg18.0 Students determine whether a relation defined by a graph, a set of ordered pairs, or a symbolic expression is a function and justify the conclusion.  
	1. Overhead/Elmo (OHE) & Discussion

2. Graphing Forces

3. Lab: Angle of Attack

4. Worksheet (WK)
	· Overhead/Elmo diagrams and glossary terms

· Ruler and graph paper

· Used science fair cardboards

· Glossary handout with question sheet
	75 min.

	Activity 2:

Controlled Flight
	1d. Students know that when one object exerts a force on a second object, the second object always exerts a force of equal magnitude and in the opposite direction (Newton's third law).


	1. Overhead/Elmo & discussion

2. Lab: Control Surfaces
	· OHE diagram of glider parts

· Styrofoam trays

· Single edge razors

· Markers

· Aluminum foil

· tape
	55 min

	Activity 3:

Aero

Dynamics
	a. Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data. 

c. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions. 

Alg12.0 Students simplify fractions with polynomials in the numerator and denominator by factoring both and reducing them to the lowest terms. 

Geom8.0 Students know, derive, and solve problems involving the perimeter, circumference, area, volume, lateral area, and surface area of common geometric figures. 


	1. Activity: Wing Load

2. Activity: Wing to Fuselage ratio

3. Activity: Aspect Ratio

4. Lab: Designing Gliders Software


	· OHE diagrams of glossary terms

· Calculators

· Metric rulers

· Examples of airplane size and shapes

· Computer with printer

· Software: Designing Gliders
	3 days

	Activity 4:

Building Gliders
	Exp1.j Recognize the issues of statistical variability and the need for controlled tests.

Exp1.l. Analyze situations and solve problems that require combining and applying concepts from more than one area of science.

Alg1.1 Students use properties of numbers to demonstrate whether assertions are true or false. 


	1. OH glider terms

2. Lab: How to build a glider


	· Balsa wood sheets

· 2 US quarters

· glue

· metric ruler

· protractor

· X-acto knife

· Ceiling panel work surface

· Straight pins

· Wax paper

· Tissue paper (optional)
	3 days

	Activity 5:

Navigation & Applications


	h. Read and interpret topographic and geologic maps.

Geom15.0 Students use the Pythagorean theorem to determine distance and find missing lengths of sides of right triangles.

Geom19.0 Students use trigonometric functions to solve for an unknown length of a side of a right triangle, given an angle and a length of a side. 
	1. Worksheet of Word Problems

2. OH map reading and profile interpretation

3. Topographic map 

4. Lab: Navigation through mountains
	· OH sheets for lesson

· Topographic map

· Calculator

· Metric/English ruler

· triangles


	75 min


Graphing the Four Forces
Standards:

Alg18.0 Students determine whether a relation defined by a graph, a set of ordered pairs, or a symbolic expression is a function and justify the conclusion.  

Purpose:  To use data collected from experimental measurements and determine using graphing skills if the glider will fly or not.

Materials:

Graph paper

Ruler/straight edge

Background:

Determine whether or not the airplane is flyable. If the net force is plotted in the upper right quadrant, the airplane is flyable. 

If the net force is plotted in the upper left quadrant, the airplane is not flyable - it has too much drag. 

If the net force is plotted in the lower left quadrant, the airplane is not flyable - it has too much drag and weight. 

If the net force is plotted in the lower right quadrant, the airplane is not flyable - it has too much weight.

Procedures:

1. Using the magnitudes below, plot your points on a graph. 

2. Indicate if the gliders can fly or not, then explain what forces are preventing it from flying.

Glider #1:      Weight  
3 units



Lift        
7 units



Drag     
2 units



Thrust   
5 units

Glider #2:      Weight   
4 units

Lift        
10 units

Drag       
2 units

Thrust   
10 units

Glider #3:      Weight
8 units

Lift           
4 units

Drag        
6 units

Thrust      
4 units

Data:  see labeled graphs

Analysis:  

1. Do all gliders fly?  Explain

2. What is the ratio between Weight and Lift for each glider?

3. What is the ratio between Drag and Thrust for each glider?

Conclusion:

Why would an airplane designer want to perform all these tests on a new design?  Explain your answer and provide 2 examples of why or why not.
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Four Forces on Kites Activity

Standards: 

Phys1.d. Students know that when one object exerts a force on a second object, the second object always exerts a force of equal magnitude and in the opposite direction (Newton's third law). 

Purpose: To discover how the forces of flight balance each other during flight and how manipulating positions of forces affect flight.

Materials:

1 – 8 x 16” sheet of copier paper

1 – 8 x 11.5” sheet of copier paper

paper clip

scissors

tape

kite string

straw

Procedures:

1. [image: image18.wmf][image: image19.wmf]Fold one legal size paper in half (length wise).  Then create a crease 1/2 inch along the fold, to make a ridge. 
2. Tape the opening closed above the ridge, along middle and near the end.

3. Tape a straw horizontally across the top 1/3 of the crease.

4. Draw a spiral on the second sheet and cut along the spiral to form a tail.  Tape the tail to the end of the kite.

5. [image: image20.wmf]Insert a paper clip into the ridge about 1/3 to 1/2 way down.

6. Tie string to paper clip and try a test flight.

7. Observe the kite’s flight behavior when:

a. Speed of wind is increased then decreased

b. Weight of kite is increased then decreased

c. Length of tail is increased then decreased

d. Placement of string is changed from top 1/3 to lower 1/3 of kite

Analysis:

Create a data table to show the behavior when each of the above variables is changed.

Conclusion:

1. In general, what are the best conditions for a “perfectly balanced” flight?

2. Draw a diagram showing all forces acting on the kite.

3. Draw a diagram and label the differences in pressure on the kite.

4. Explain how angle of attack can be altered to create special types of “lift off” for your kite.

Glider Control Surfaces

Standards:

1d. Students know that when one object exerts a force on a second object, the second object always exerts a force of equal magnitude and in the opposite direction (Newton's third law).

Purpose: To build a glider and add control surfaces to observe how flight is controlled.

Materials:

Styrofoam plates or tray

Single edge razors

Markers

Aluminum foil

Tape

Procedures:

1. Trace pattern pieces for vertical fin, horizontal stabilizer, and wing onto foam trays.

2. Cut out shapes and be sure to smooth off any rough edges.

3. Cut slit in fuselage.  Carefully insert the wing section into the slit.  Cut slit in vertical fin and insert the stabilizer.

4. Place paper clip angled upward on the nose of the glider for weight.

5. Designate a launch line and stand behind it for each flight.  Record information in Data Table 1.

6. Systematically change control surfaces in the following manner.   A) No stabilizer B) Stabilizer in upward position  C) Stabilizer in the middle position D)  Stabilizer in the downward position.

7. Apply control surfaces to wings (ailerons), horizontal stabilizer of tail (elevators) and the upright stabilizer (rudder).  Glue or tape control surfaces so they hang over the edges by ½ inch.

8. Perform 3 test flights for each condition.

9. Predict how your glider will move or turn when control surfaces are set in positions described below. Test maneuverability of your glider by changing control surfaces according to Data Table 2.

Data Table #1

	Stabilizer Position
	Distance Flown

3 trial flights
	Average Distance

(sum / 3)
	Flight pattern and observations

	No stabilizer


	
	
	

	Stabilizer upward


	
	
	

	Stabilizer in middle


	
	
	

	Stabilizer downward
	
	
	


Data Table #2

	Control Surfaces
	Predicted flight
	Actual flight

	Rudder
	Elevator
	Right aileron
	Left aileron
	
	

	Left
	Up
	Down
	Up
	
	

	Right
	Up
	Down
	Up
	
	

	Left
	Down
	Up
	Down
	
	

	Right
	Down
	Up
	Down
	
	

	Left
	Straight
	Down
	Up
	
	


Analysis Questions:

1. In what position was your stabilizer when your glider flew the greatest distance?

2. Why do you think this position was the best?

3. What effect did changing the position of the horizontal stabilizers have on the flight pattern of the glider?

Conclusion:

1. Were your results consistent with the class results?  Why or why not?

2. What variables could have influenced our results?

3. Design an experiment to control one or more of the variables you named above.
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Wing Load Lesson

Standards:

Geom8.0 Students know, derive, and solve problems involving the perimeter, circumference, area, volume, lateral area, and surface area of common geometric figures. 

Purpose:  To understand wing load has an affect on the flight ability of gliders. 

Background: Wing load is the mass of the airplane divided by the wing area of the airplane. 

Load = grams/cm2
Part 1:

1. Create a data table with column headings Design #, Span, Chord, Surface Area, Mass, Aspect ratio, Wing load.

2. Design a glider on the computer with large wings and a small wing load and record all information into data table.

3. Calculate the aspect ratio (the wing length divided by the wing width is the same for both wings) 

4. Systematically increase the wing load of the glider by decreasing the area of the glider's wings (but keep aspect ratio the same!)

5. Perform a test flight and make observations as the numbers change.  Record in data table.

Part 2:

1. Use 2 extreme examples of your gliders you designed on the computer and build them from Styrofoam or cardboard.  

2. Use a soft toss and launch each glider.  Note the behavior while flying and place into data table.

Example: The two wings below have equal aspect ratios but different wing loads (mass/wing area). 

Wing Span



Chord 

      ½ Wing Span A


              ½ Chord A


Analysis Questions:

1. Describe the difference in the performance with each of the wings on the computer. 

2. Compare and contrast how well the glider flies with each of the wings in the gym. 

Conclusion:
1. Explain how surface area and Bernoulli’s Principle are related.

2. Explain why some planes are designed to have large wing loads while other planes are designed to have small wing loads.  

Flying with Fractions

Standards:

Alg12.0 Students simplify fractions with polynomials in the numerator and denominator by factoring both and reducing them to the lowest terms. 

Purpose:  To study the ratio of wingspan to fuselage length of various designs of airplanes.

Materials:  calculator and graph paper

Procedures:

1. Use the formula Wing Span ÷ Fuselage and finish filling in the data table below.

2. Graph your results and compare the decimal result versus year of design.

	Type of Plane
	Wing Span
	Fuselage length
	Ratio
	Index number

	1903 Wright Flyer


	40.4 feet
	21.1 feet
	
	

	1901 Glider


	17 feet
	14 feet
	
	

	1902 Glider


	32 feet
	16.1 feet
	
	

	1911 Glider


	32 feet
	21.5 feet
	
	

	1909 Army Signal Corps Flyer
	36.5 feet
	28.9 feet
	
	

	Model A 

1907-1910
	41 feet
	31 feet
	
	

	Model B

1910-1911
	38.5 feet
	28 feet


	
	

	Model C

1912
	38 feet
	29.8 feet
	
	

	Model E

1913
	32 feet
	27.9 feet
	
	

	Model EZ and the Vin Fiz
	32 feet
	27.9 feet
	
	

	Model G Aeroboat

1913
	38 feet
	28 feet
	
	

	Model H

1914
	38 feet
	26.5 feet
	
	

	Model K

1915
	38.7 feet
	24.2 feet
	
	

	Model L

1916
	29 feet
	24 feet
	
	


Analysis Questions:

1. After graphing your results, do you see a pattern forming?  Describe it.

2. Ignoring the dates, list the ratio numbers from largest to smallest.

Conclusion:

1. According to your graph, did the designers make extreme changes to the designs of the planes?

2. Find dimensions of current airplanes.  Do the index numbers resemble the numbers of the first airplanes built?

3. How will this exercise help you to build a better glider?  Explain.

Wing Design and Aspect Ratio Lesson

Standards:

Geom8.0 Students know, derive, and solve problems involving the perimeter, circumference, area, volume, lateral area, and surface area of common geometric figures. 

Alg12.0 Students simplify fractions with polynomials in the numerator and denominator by factoring both and reducing them to the lowest terms. 

Background: The span of the wing divided by the chord of the wing. It is calculated by dividing the wing length from tip to tip by the wing width.  Experiments have shown that a wing built with a higher aspect ratio tends to create less drag than a wing build with a smaller aspect ratio – even when their area remains the same!  Sail planes and gliders have long, slim wings.  Since they don’t have engines to provide thrust, the wing of sail planes’ shape helps to provide the greatest amount of lift with the least amount of drag.

Purpose: To explore different wing designs using applied math, and provide an opportunity to collect and analyze data by testing the planes. 

Materials: Paper and tape. 

Procedure: 

A. Determine the Aspect Ratio of the following wing sets:

Wing A = 20 unit length x 5 unit width

Wing B = 25 unit length x 4 unit width

Wing C = 50 unit length x 2 unit width

· Place information into a data table with column headings: length, width, area, aspect ratio and drag ranking.

B. Create a paper glider for each of the above conditions and test them:

1. Fold a piece of paper in half lengthwise and then unfold. [#1]

2. Fold one side in half. [#2] Fold the same side in half again. [#3’s]

3. Fold this over the first crease you made and tape.[#4] 

4. Crease the plane at the center point and tape the nose together.

5. Fold the wings as shown. 

6. Make predictions as to which ones will fly farther due to least amount of drag.

Data: Place data into tables

Analysis: Create a graph showing wing aspect ration versus distance of flight.

Conclusion Questions:

1. Can you see any relationship between wing shape and flying distance? 

2. Write a brief paragraph to announce your results. 

3. What do you think the advantages are of a glider with a high aspect ratio? Of a low aspect ratio? 

	Paper plane
	Wing area
	Aspect ratio
	Prediction Ranking
	Test result

	A


	
	
	
	

	B


	
	
	
	

	C


	
	
	
	


TEACHER NOTES: The aspect ratio is a measure of how square the wing is. It is calculated by dividing the wing length from tip to tip by the wing width. Generally, higher aspect ratios are more efficient during low speed flying.
Discussion :

Some gliders are designed with high aspect ratios (skinny wings) while other gliders are designed with low aspect ratios (stubby wings), why? 

Long wings go further distance (slowly) and short stubby wings provide a faster plane (less distance).

If you have access to computer and design program, design a glider on the computer. Try two different wings on your design which have the same wing area but different aspect ratios (span/chord).  

Compare how your glider flies on the computer with each of the wings. Show all calculations on paper if computer is not available.

Build your glider and the two wings and compare how well the glider flies in the gym with the different wings. 


Angle of Incidence (AOI)

Standard:

a. Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data. 

c. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions. 
Background: The angle of incidence is the negative angle that the horizontal stabilizer in the tail is set at.  This positioning provides forces to balance the glider and positions the wings to the desired angle of attack (AOA). 

Purpose:  To design and test fly a glider on a computer simulation program. http://www.eng.cam.ac.uk/outreach/CUEDresources/GliderDesign/index.htm
1. Follow the instructions on your screen.  Be sure to save final design for printing and turn in with your lab report.

2. During simulation, fly the glider while making careful observations about how it performs. 

3. Systematically change the AOI in the tail by raising the back end of the tail by 3 degrees from its original position. Fly your glider again.  Record how the glider flies compared to its first flight.

4. Change the AOI by another 3 degrees.  Fly your glider again and record your observations.





On your model you will create, place a small piece of balsa wood or folded paper (see arrow) to lift up the back of the tail. 

Questions for Analysis:

A. Draw a diagram using wind flow lines and show what is happening to your glider in each case of this activity (wings and tail stabilizer):

1. wings and stabilizer level to fuselage

2. wings level, and stabilizer at 3 degrees to fuselage

3. wings level, and stabilizer at 6 degrees to fuselage

B. What is changing the AOI doing that changing the glider's flying characteristics you have observed?

C. Which combination produced the longest horizontal flight?

Conclusions:

1)   Explain how changing the angle of incidence can affect Bernoulli’s principle?

2)   Explain how Newton’s 3rd Law of action and reaction fits into this activity. 

Kitty Hawk is Back!

Standards:

1. Scientific progress is made by asking meaningful questions and conducting careful investigations. 

1a. Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data. 

Geom8.0 Students know, derive, and solve problems involving the perimeter, circumference, area, volume, lateral area, and surface area of common geometric figures. 

Purpose: To Analyze the Coefficient of Lift Data from prior tests done by the Wright Brothers in 1903 and compare to more modern aircraft. 

Materials:

· Graph Paper 

· Calculator  

Background:

Lift is the name given to the force that enables an airplane to rise off of the ground.  The lift must be greater than the weight of the airplane for the airplane to be able to takeoff.  Lift is a force and can be quantified using the following formula:

Force = pressure x area

· Theoretically, the amount of lift obtained from a wing should be proportional to the pressure and the wing area. In reality, the lift force is not exactly equal to the product of pressure and area. 

· The portion of the force being transformed into lift is measured by the coefficient of lift (CL). 

· CL is determined by dividing the measured lift by the dynamic pressure and the wing area. 

· The value for CL varies with the angle of attack. 

· Angle of attack is measured between the airstream and an imaginary line between the leading and trailing edges of the wing. 

· The graph shown (graph 1) represents a typical curve of angle of attack versus coefficient of lift. This is called the lift curve.

[image: image4.png]



QUESTIONS
1. Why do you think CL varies with the angle of attack? 

2. For a pilot, what is the advantage of plotting lift of coefficient versus angle of attack? 

3. The maximum value on the y-axis is called the CL max. What information does this value provide? 

4. At approximately 14° the graph turns downward. How would you explain this? 

5. As the graph turns downward, the negative slope can be gentle or abrupt. How would expect the plane to react in each situation. 

6. Explain why the y-intercept is not 0.0 if the y-intercept on this graph is 0.2. 

7. When would you expect the y-intercept to be 0? 

8. What is determined by the slope of the lift curve? 

9. Between 0° and 14°, the lift curve is a straight line. What conclusion can be drawn from this? 

10. For the graph given the CL max is 1.4. Compare this wing with one that has a CL max of 1.0.


11. Compare and contrast your graph with the one pictured above. Explain the similarities and differences.
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12. Why is the lift curve graph for the wood and fabric model different from the lift curve graph for the steel model? 

13. Compare the graph you created from recent wind tunnel test data with the graph from the testing of the wood and fabric model. Explain the similarities and differences. 

14. Compare the graph you created from recent wind tunnel test data with the graph from the testing of the steel model. Explain the similarities and differences. 

15. Compare the graph you created from recent wind tunnel test data with the graph from the computer model. Explain the similarities and differences. 

16. Which model seems to provide the closest model for the actual Wright Flyer

      replica data? Support your conclusion.

Teacher notes: WRIGHT FLYER ON-LINE; Pioneers in Scientific Method
The Wright Brothers provide an excellent example of the use of the scientific method. The process used is easy to understand and provides a fantastic model for students on how the scientific method is applied in the real world. Trial and error!  Never give up until you feel comfortable with your results!

Students may find it interesting to learn of the tenacity of the engineers involved in discovery projects, like the Wright Brothers’ exploration of flight that faced many challenges and setbacks. Hopefully pursuing these activities will provide students with the experience in using a variety of resources, including electronic media, for obtaining information. 

Student presentations are an important part of this activity. It is designed to help students learn to express their findings in a coherent, understandable, and interesting manner. It is strongly recommended that students prepare multimedia presentations. This will allow practical application and experience in communicating using multimedia presentation tools and techniques.

Answers to Activity Questions
1. Why do you think CL varies with the angle of attack?

Coefficient of lift is how efficiently the wing is transforming dynamic pressure into lift. With a greater angle of attack, the efficiency increases to a certain angle.
2. For a pilot, what is the advantage of plotting lift of coefficient versus angle of attack.

Coefficient of lift increases as the angle of attack increases. Therefore lift increases. The advantage of the lift curve is that it tells the CL and therefore lift available for a certain angle of attack. 
3. The maximum value on the y-axis is called the CL max. What information does this value provide?

As the angle of attack increases, lift will not increase indefinitely. There comes a point where the angle is too steep and the CL plummets. This is called the stalling point. The aircraft will then drop because the weight is greater than lift. The pilot must make sure the angle of attack stays below this value.
4. At approximately 14° the graph turns downward. How would you explain this?

As the angle increases, the airflow will separate from the top of the wing producing a wake of turbulent air over this surface. There is still some pressure on the lower wing surface, but this decreased amount of lift is not enough to overcome gravity. 

[image: image6.png]Airfoil at stall showing
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5. As the graph turns downward, the negative slope can be abrupt or gentle. How would expect the plane to react in each situation?

A very abrupt drop-off indicates a sudden stall and a gentle change in slope indicates a more gradual stall. 
6. The y-intercept on this graph is 0.2   Explain why the y-intercept is not 0.

The graph provided with this activity is for a cambered wing. (If the distance from the chord line to one surface is greater than the distance to the other surface, the wing is cambered.) On this particular graph, the angle of attack must go to negative 2 for zero lift.
7. When would you expect the y-intercept to be 0?

If the wing or airfoil is symmetrical, a zero angle of attack will produce a coefficient of lift of zero. 
8. What is determined by the slope of the lift curve?

The slope of the curve determines how rapidly CL increases with the angle of attack. 
9. Between 0°f and 14°, the lift curve is a straight line. What conclusion can be drawn from this?

The straight line indicates that CL is directly proportional to the angle of attack.
10. For the graph given the CL max is 1.4. Compare this wing with one that has a CL max of 1.0.

This wing would produce more lift before stall than the wing with a lower CL max.
11. Compare and contrast your graph with the one pictured above. Explain the similarities and differences.

In preparation for the anniversary of the first flight of the Wright Brothers, the American Institute of Aeronautics and Astronautics (AIAA) has built a replica of the 1903 Wright Flyer. This replica will be tested in the wind tunnels at Ames Research Center. (Data available March/April 1999?) Two of the data sets collected are angle of attack (alpha on the data table) and coefficient of lift (CL). Plot this data using angle of attack as the independent variable (x-axis) and CL as the dependent variable (y-axis). You may create the plot manually; use a computer, or a graphing calculator. More information on this will be provided when the wind tunnel test data is available.
12. Why is the lift curve graph for the wood and fabric model different from the lift curve graph for the steel model?

The wood and fabric model was more fragile than the steel model. Some of the results may be biased due to distortions of the wing surface.  Graphs generated from computer modeling and scale model testing. As part of the Wright Flyer Project, two member of the Wright Flyer Project, have calculated some of the major aerodynamic characteristic of the airplane. Using two different computer programs, James Howford and Stephen Dwyer have calculated load distributions, lift and pitching moment for the Flyer replica. Probably the best scientific work by the Wright Brothers is their wind tunnel testing. They used a small wind tunnel to validate some airfoil data obtained from other researchers, but systematic wind tunnel tests of their complete aircraft has never been found. To fill this gap in the data, two series of wind tunnel tests have been conducted through the AIAA Wright Flyer Project. The first used a 1/6 scale model built of wood and fabric, with steel truss wires, very similar to the original airplane. The main goals of the test were to obtain data about the effectiveness of wing warping. The second set of wind tunnels test used a 1/8 stainless steel model.

13. Compare the graph you created from recent wind tunnel test data with the graph from the testing of the wood and fabric model. Explain the similarities and differences.

One of the main purposed of the tests using the wood and fabric model was to obtain data for the effectiveness of wing warping. The structure was relatively fragile and suffered damage and warping during the test.
14. Compare the graph you created from recent wind tunnel test data with the graph from the testing of the steel model. Explain the similarities and differences.

This model allowed engineers to test using more realistic conditions without damaging the model. Because the steel model has larger struts for strength at the higher test speeds, the minimum drag coefficient is large than that for the fabric model
15. Compare the graph you created from recent wind tunnel test data with the graph from the computer model. Explain the similarities and differences.

The lift-curve measured with the steel model is very closely matched by the calculation based on the theoretical computer model. This suggests that the Wright Brothers had an incredible understanding of aerodynamics. 
16. Which model seems to provide the closest model for the actual Wright Flyer replica data? Support your conclusion?

Information on this question cannot be provided until after the tests are completed.
17. If the replica of the Wright Flyer weighs 750 lbs., what is the minimum angle of attack required to overcome the weight and allow the Flyer to leave the ground?

Use the chart created to determine where the lift first exceeds 750 lbs. 
How to Build a Glider

Standards:

Exp1.j Recognize the issues of statistical variability and the need for controlled tests.

Exp1.l. Analyze situations and solve problems that require combining and applying concepts from more than one area of science.

Alg1.1 Students use properties of numbers to demonstrate whether assertions are true or false. 

Purpose:  To build a glider for investigations of Newton’s Laws and Bernoulli’s principle.

Materials: 

· Balsa wood sheets (1/16 inch for wings and tail, and1/4 to 3/8 inch for fuselage)

· 2 US quarters 

· Hot glue, super glue or a good wood 

· Metric ruler  

· Protractor. 

· X-acto knife 

· Ceiling panel-square and straight pins

· Wax paper

Top View










Side View





Procedures: 

1. Create blueprints of your glider you wish to build and have your teacher approve the design before obtaining materials.  OR Print out your glider design dimensions from the computer.

2. Using a ceiling panel as a cutting board, layout and cut the wings and tail to the dimensions of your design. 






Front view of Glider

3. Glue the horizontal and vertical stabilizer for the tail together. Make sure the stabilizers are set true and perpendicular to one another as shown on the diagram above.

4. Cut out your fuselage to design dimensions. 

5. Cut the AOI into the back of the fuselage.  Must not be larger than 6(.


6. Glue the wings and tail on to your glider according to your design dimensions.   






7. Place a pencil under the center of the wing chord/fuselage crossing.  Measure the ballast mass needed for your glider by adding clay to the front end of the glider.  The glider should balance on the pencil when the ballast is approximately close to equal mass.  
8. Remove the clay, mass it and determine if more mass is needed than the required 2 U.S. quarters (approximately 11 grams of “cargo”) for MESA competition. Placing the quarters near nose is recommended, do not glue until plane is balanced.
9. Use a bent paper clip to create a rubber band notch for launching.  Glue to the underneath side of nose on your glider.


10. Perform test flight by using a gentle hand toss to see if balanced.  Adjust center of gravity if needed.
11. Perform 3 competition launches, measure the distance from launch to 1st ground contact.
Data Table

Variables being tested: ______________________________________

	Trial flight
	Distance of flight

	1
	

	2
	

	3
	


Analysis:  Plot your data on a graph, clearly labeled with units and variables.

Conclusion: 

1. Write 3-5 sentences describing WHAT you discovered.  

2. Try to explain WHY this happened. 

3.  Add any new ideas to try for a future investigation.  

4. Discuss problems or errors in this lab.


Flying with Pythagoras 

Standards:

Geom15.0 Students use the Pythagorean Theorem to determine distance and find missing lengths of sides of right triangles.

Problem: To use the information given and the Pythagorean Theorem to solve the following problems.
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Problem 1:  

The length of leg "a" of a right triangle is 9; the length of leg "b" is 12.   

1. What is the length of the hypotenuse?

Problem 2: 

· NASA Test Pilot Loren Haworth is instructed to fly the following mission in a brand new aircraft, the X-99. He will be testing the aircraft's ability to follow a flight path very precisely. 

· Test Pilot Haworth is instructed to fly North from San Antonio, Texas to Sioux Falls, South Dakota, a distance of 1,000 miles. 

· He is instructed to then fly east to Scranton, Pennsylvania, a distance of 1,200 miles. After reaching Scranton, he is supposed to fly directly back to San Antonio. 

1. What is the distance he must fly from Scranton to San Antonio? 

2. Draw his route and label the distances on the map below to help you find the return distance.

Problem 3: 

· One day the Space Shuttle blasts off from the launch pad at the Kennedy Space Center in Florida. 

· Unfortunately, a computer malfunctions and, after reaching an altitude of five miles, the Shuttle must return to Earth and land on a runway. 

· The runway is four miles away from the launch pad. 

1. How far must the Shuttle fly from its highest altitude to the runway?   

2. Draw a picture and label the mileages of the Space Shuttle's route to help you find the return distance.

You must show all math calculations and have a diagram to illustrate your problem solving methods and clearly label with correct units.

Teacher Notes: Flying with Pythagorean

Students should be familiar with the concepts of squares and square roots. They should be able to use their calculators to square numbers and find the square roots of numbers.

History: In the 6th century BC, a Greek philosopher named Pythagoras lived in the village of Samos. He started a school where philosophy and religion were studied, in addition to astronomy, mathematics and music. The students from his school were called Pythagoreans. Central to Pythagoras' teaching was the idea that mathematical relations could express all physical relationships. One of the most famous discoveries of the Pythagoreans was a proof for a distance relationship that had been developed many years before by the Egyptians. 

The Nile River flows through Egypt. This huge river is a source of life in an otherwise barren, desert land. During the rainy season, the Nile floods regularly. After each flood the surveyors would have to reset the boundaries of the farmers' fields. Land was sectioned into squares, so it was critical that the surveyors knew how to mark a right angle (because squares have four right angles). 

The clever Egyptians took a rope and tied twelve evenly spaced knots in it. They then made a triangle with the rope. One side had three spaces between the knots, another had four spaces between the knots, and the longest had five. This triangle was very special. The angle opposite from the longest side was always a right angle. Using this rope, the surveyors were able to show that the boundaries they marked were indeed in the shape of a square. 
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Many years later, the Pythagoreans named a triangle that contained a right angle, a "right triangle". They also named some of the parts of a right triangle. They called the longest side, opposite the right angle, the hypotenuse. The sides next to (or adjacent to) the right angle were called the legs. 

[image: image9.png]oo

s




Refresh your memory:

The Pythagoreans discovered that the legs and hypotenuse of a right triangle did not always have to have lengths of 3, 4 and 5. But the numbers did have to work in a special formula. The special formula is called the Pythagorean Theorem. The Pythagorean Theorem goes like this: 

If you take the length of a leg of a triangle (say "a" in the graphic above) and multiply it by itself (or "square" it); 

a X a or a2 

then, do the same with the length of the other leg ("b" in the graphic above); 

b X b or b2 

and add the results together; 

a2 + b2 = 

your final result will be equal to the length of the hypotenuse ("c" in the graphic above) multiplied by itself (or "squared"). 

a2 + b2 = c2 

The Pythagoreans also discovered that if they knew the lengths of the two legs of a right triangle, they could use the Pythagorean Theorem to find the length of the hypotenuse. 

Say that one leg of a right triangle has a length of 6 units and another has a length of 8 units. What is the length of the hypotenuse? 
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We know from the Pythagorean Theorem that 

a2 + b2 = c2 

In our example, a = 6 and b = 8. So, 

a2 + b2 = c2 

62 + 82 = c2 

36 + 64 = c2 

100 = c2 

Since the square root of 100 is 10 (that is, 102 equals 100) the length of the hypotenuse must equal 10. 
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Answer Key for Activity:

1: The length of the hypotenuse is 15. 
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2: The distance from Scranton to San Antonio is 1,562.05 miles. 
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3:The Shuttle must fly 6.4 miles from its highest altitude to the runway. 
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Flight of the Albatross

Standards: 

Exper1h. Read and interpret topographic and geologic maps.

Geom19.0 Students use trigonometric functions to solve for an unknown length of a side of a right triangle, given an angle and a length of a side.

Purpose: To utilize topographic and aeronautical maps and determine the best routes possible for an airplane.

Materials:

Topographic map 


Protractor

Procedures:

1. Read the following paragraph.

The Albatross is a special design glider.  It has a wingspan of 39 meters and is solar power assisted by 4 propellers.  It is not pressurized, so the altitude limit for the Albatross is 5,000 feet.  The limiting factors for distance of the Albatross are gravity and lack of sunshine.  Take off for the Albatross is assisted by a normal “prop” airplane that will pull the Albatross to approximately 5,000 feet.  The Albatross can maintain this altitude with assistance from solar powered propellers and warm air updrafts called “thermals”.  The rate of descent for the Albatross is 1000 feet every 20 miles. 

2. Plot a course from Point A to Point B.

3. Plot an alternate course from Point A to Point B.

4. Determine if the Albatross will safely navigate through the mountains for each of your courses plotted.  You will have to use some Trigonometry to figure this one out!  

Data:

List detailed instructions that include Altitude, Bearing, # Miles and Time. Each time you need to turn or make a direction adjustment, start instruction on the next line.

Altitude

· 5000 feet maximum.  Check for rate of descent after distance flown is determined.

· Flying within 1000 feet of open fields will provide you with thermals to push you back up to 5000 feet.

Bearing
· Your flight direction in degrees (based on compass, N=0°, E=90°, S=180°, and W=270°)

# Miles

· Distance you are to fly going in that specified direction.

Time

· Number of minutes or hours you will fly in that direction (Albatross speed averages 100 mph)

Analysis Questions:

1. How long did each flight path take to complete?

2. What is the minimum altitude for each mountain pass the Albatross can fly through?

3. How many times did you have to “re-fuel” for each flight path?

Conclusion:

1. Did both flight paths make it safe for the Albatross to complete its flight?  If not, explain.

2. Did one of the flight paths seem more “efficient”?  Explain your answer.

Further Inquiry:

1. How might having a flight plan file at Point A help rescuers find you if your plane crashes?  Explain.

2. Create a simulation “emergency” crash landing radio distress call.  Provide as much information as you can.  Have a class “rescue mission” listen to a “radio distress” call that only lasts 45 seconds.  

Profiles of Mountain passes the Albatross might use 
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Topographic Map for Albatross Flight Planning:

Yaw


Use of rudder


Moving forward,


Turn left or right





Pitch


Use of elevators


Moving forward


Dive down or climb upward





Roll


Use of flaps and spoilers


Moving forward, and spinning clockwise or c. clockwise





Wing A





Wing B
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Nose mass ballast is from end of forward fuselage to center of mass of glider.
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