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Name: _________________________			Graded by: ________________
Date: __________________________
Step 1: Take a Step Back in Time 
Let’s examine the advances in aeronautics that layed the foundation for space exploration. 
1. Watch the video above, "NASA Short History of Flight", to learn about all the inventions that made way to airplanes and rockets.
Video: https://youtu.be/NoVKAg0mH50 
2. Use the video to answer the following questions:
a. Write down everything that comes to your mind when you think of the history of flight.





b. What are the Four Forces of Flight?



3. Identify the force indicated in each image below:
A
C

B











C. _______________
A. ______________

B. ______________


4. Use the “Timeline of Flight”, which shows a timeline about the history of aeronautics, to answer the following questions:
Timeline - http://www.loc.gov/exhibits/treasures/wb-timeline.html#1903 
a. How many years did it take from the invention of kites to the first powered flight by the Wright brothers? 
Note: the timeline goes from B.C.E. (the same as B.C.) to A.D.





b. How many years did it take from the first powered flight by the Wright brothers to the arrival of the first crew of astronauts arrive to live or take up residence in the International Space Station? 
Note: scroll down the “Timeline of Flight” webpage to see information about the International Space Station





c. Which comparison from questions 1 and 2 above was fastest to complete? Why do you think this is? Explain your answer.


Step 2: What are composite materials? 
1. Watch the video “NASA Destination Tomorrow DT4 Composite Materials.”
Video - https://youtu.be/Vc214qNV15E 
2. Use the video to answer the following questions 
a. What are composite materials?



b. Name 2 examples of composite materials that you see around you.

i. ___________________________________


ii. ___________________________________

c. Why are composites important for flight?






Test Materials
Test paper airplanes made of three different materials to see which performs the best. Gather the following materials and use the instructions on the next page to construct your paper airplanes out of each paper type: copy paper or notebook paper, card stock paper, and newspaper paper.
Materials: 
· Copy paper or notebook paper (8½” x 11”)
· Construction paper or card stock (8½” x 11”)
· Newspaper cut to 8½” x 11”
· Scissors



[image: ]Use the instructions below to construct one paper airplane for each type of paper.Your paper airplane should look like this if you turn it upside down. 
Your paper airplane should look like this from the top. 
F-16 Falcon Paper Airplane Folding Instructions

Use the table below to rank your three paper airplanes based on relative weight, and rigidity (flexibility or how easy it is to fold and bend). Use the numbers 1, 2, 3 for your ranking. 
	
	Weight
1 = lightest
3 = heaviest
	Rigidity
1 = least rigid
3 = most rigid

	Copier Paper or Notebook Paper
	
	

	Cardstock Paper or Construction Paper
	
	

	Newspaper Paper
(cut to be 8½ x 11)
	
	



Make Predictions
In this step you will use the data collected above for each paper type to answer the questions below and write your predictions, or hypotheses. You will be able to test the paper airplanes in the next step of the badge. 
1. Predict which paper airplane will spend the longest time in the air.




2. Predict which paper airplane will travel the farthest distance.




3. Identify the Forces of Flight on the image below. A
B
C
D
B. _________________
D. _________________
C. _________________
A. _________________






Step 3: Flight Test
It’s now time to test your paper airplanes and see which performs the best (flies for the longest time and farthest distance). 
Materials: 
· Pencil
· 3 paper airplanes constructed out of the three identified types of paper
· Construction paper or card stock (8½” x 11”)
· Newspaper cut to (8½” x 11”)
· Copy paper or Notebook paper (8½” x 11”)
· Scissors
· Clear area indoors
· Meter stick
· Painters Tape
· Timer or stopwatch
· Graph paper (provided below)
· 3 different colored pencils (red, blue, and green)
· A friend or family member for assistance

Procedure:
1. Find an area inside that is free of obstructions.
2. Determine which height is most natural for you to throw your airplane (4ft, 5ft, or 6ft. This should be the same height each time). 

     	  Write your height selection here: 

3. Use painters tape to mark the height chosen. Make sure to release your plane at that spot every time.
4. Test fly each airplane 3 times from the height you chose.  Have your assistant record the time that the airplane was in the air.  


5. Record your observations of time and distance for each test flight in Table 1. 
	
	Copy paper (red)
	Cardstock (blue)
	Newspaper (green)

	
Trial 1
	(           Seconds ,           Meters)
	(           Seconds ,           Meters)
	(           Seconds ,           Meters)

	
Trial 2
	(           Seconds ,           Meters)
	(           Seconds ,           Meters)
	(           Seconds ,           Meters)

	
Trial 3
	(           Seconds ,           Meters)
	(           Seconds ,           Meters)
	(           Seconds ,           Meters)


Table 1.


6. How do the results above compare to the predictions or hypotheses you made in the “Composite Materials” sheet in the last step of the badge?








Graph your data points:  Distance (meters)
Time (seconds)
EXAMPLE
0.2        0.6      1.0       1.4        1.8       2.2             
Flight Test of Paper Airplane Models Made of Different Types of Paper

You will be creating a coordinate graph. 

1. Using the graph paper provided on the next page, label your axes as shown.
2. Label your X axis “Time” with the units 0- 3.0 seconds in 0.2 second increments.
3. Label your Y axis “Distance” with the units 0-10 meters.
4. For the copy paper airplane, use a RED colored pencil to plot a point where the time and distance intersect for each flight test. (see Table 1)
5. For the cardstock paper airplane, use a BLUE colored pencil to plot a point where time and distance intersect for each flight test. 
6. For the newspaper airplane, use a GREEN colored pencil to plot a point where the time and distance intersect for each flight test.





[image: ]



Draw Conclusions:
Use the plotted data to answer the following questions:
a) Which type of paper’s data points are grouped closest together? What does this suggest about the paper airplane model? 



b) Which type of paper’s data points are spread the furthest apart? What does this suggest about the paper airplane model? 




Use your data table and graph to answer the following questions:
a) Which type of paper traveled the farthest? 


b) Which type of paper spent the longest time in the air? 




c) What are some other variables that could have affected your results?



d) Which material would you recommend to use for a full scale model airplane?


Step 4: Submit Your Recommendations
You have tested three different materials for a particular airplane design here on Earth. 
1. Watch the video “Our World: How Do You Get a Plane to Mars?”, to learn about a plane designed to fly on Mars. 
Video - https://youtu.be/eI-krXURJfg 

2. Based on your data, which paper type would you recommend NASA consider using for a Mars airplane model?








3. Do you recommend any modifications?
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