
Civil Air Patrol’s ACE Program

Wing Ratios 
Grade 6 Academic Lesson #3 

Topics:  wings, forces of flight, area, ratios (science, math) 

Lesson Reference: NASA Wing Geometry Definitions

Length of Lesson:  30 - 45 minutes 

Objectives: 

● Students will review the forces of flight and Bernoulli’s
principle.

● Students will calculate areas and ratios.
● Students will determine which wings with given dimensions

produce less drag.

Next Generation Science Standards: 
● MS-PS2-4. Construct and present arguments using evidence to support the claim that

gravitational interactions are attractive and depend on the masses of interacting objects.
● MS-PS2-5. Conduct an investigation and evaluate the experimental design to provide evidence

that fields exist between objects exerting forces on each other even though the objects are not
in contact.

CCSS ELA: 
● L 6.6 - Acquire and use accurately a range of general academic and domain-specific words and

phrases sufficient for reading, writing, speaking, and listening at the college and career readiness
level.

● SL 6.4 - Present information, findings, and supporting evidence such that listeners can follow the
line of reasoning and the organization, development, and style are appropriate to task, purpose,
and audience.

CCSS Math: 
● 6.RP.1 - Understand ratio concepts and use ratio reasoning to solve problems.
● 6.G.1 - Solve real-world and mathematical problems involving area, surface area, and volume.
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https://www1.grc.nasa.gov/beginners-guide-to-aeronautics/wing-geometry-interactive/


Background Information: (from NASA Quest at Four Forces on an Airplane) 

In aeronautics, there are four important forces. These four forces are called lift, weight, thrust, 
and drag. Each force works in a specific direction. The magnitude of each force can vary from 
weak to strong. All of these four forces are hard at work when an airplane is in flight. They 
often work in opposite directions from each other, but together they make flight possible. 

Weight:  An airplane has weight, just like every other object that exists around Earth. We know that 
Earth exerts a gravitational force on us. We call that force weight.  When you weigh yourself, you are 
actually measuring the force of Earth's gravity on your body. Remember that there are two parts to a 
force: magnitude and direction. The direction of your weight force is toward the Earth. The magnitude 
of your weight force is how heavy you are.  

Airplanes have a weight force, too. Even as they fly many feet above the Earth, their weight force is 
pulling them toward the Earth. Since they are so heavy, the magnitude of their weight force is very 
great.  

Lift:  When objects lift off the ground, it means that the lift force is stronger than the weight force. 
If the weight force were stronger, the object would not lift into the air.  If an airplane can create 
enough lift force to overcome the weight force, then the airplane will fly.  Such a great lift force is 
generated by the air flowing over the wings of the airplane.    

Thrust:  We make air flow over the wings by moving the wings through the air. As the wing moves 
through the air, the air molecules flow over and under the wing which generates lift.  We need thrust to 
get the airplane moving forward so that the air can begin flowing over the wings. Thrust is provided by 
the propulsion system. Engines can be mounted on the wings or fuselage. They propel the airplane along 
the runway and forward through the air.  The force that is created by the engines is called the thrust 
force. The direction of the thrust force is based on where the engines are pointing. 

Drag:  As an airplane is thrust through the air, it must push aside all those air molecules that are moving 
around in the space in front of it. As a wing moves through the air, the air separates and some of 
the molecules follow along the top of the wing while others flow underneath the wing. The same 
thing happens with the rest of the airplane. The air molecules must separate so that the airplane can 
move through the air. Air molecules resist being separated by the airplane. This resistance is called 
drag. Drag can slow the forward motion of the airplane. 

Materials: 
- “Wing Ratio” copies (copy included)
- wing designs (copy included)
- dry erase board/marker or chalkboard/chalk
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https://www1.grc.nasa.gov/beginners-guide-to-aeronautics/four-forces-on-an-airplane/


length of wing 
width of wing =  aspect

 Lesson Presentation: 

1. Ask students to name and review the forces of flight.  (This should be fairly easy for students 
who participated in the ACE Program in fifth grade. If not, explain more in-depth.)  Allow 
them to come to the board to illustrate their explanation if necessary.  If students 
struggle with this review, use the background information provided to review the concepts.  
Be sure to review Bernoulli’s principle (covered in the ACE academic “wind bag” lesson).  
Bernoulli’s principle states that faster moving air creates a lower pressure than slower moving 
air.  As air flows faster over the top of the curved airfoil shape of a plane’s wing, a lower 
pressure exists above the top of the wing which acts as a “pull” above the wing.  Slower moving 
air below the wing has a higher pressure, which helps push the wing up.  This pressure differential 
creates lift for the wing.

2. Show students some different wing designs.  (Either draw some shapes on the board, or create a 
transparency of the “Types of Wings” page at the end of this lesson.)  Ask students how the 
design of the wings may affect flight.

3. Read the following information from NASA to the students.  (Make sure students 
understand the mathematical term “area” which means the size of a surface or the number of 
squares that would be needed to cover the surface.)
When engineers design a new airplane, the size and shape of the wings are a very important issue. 
Wings provide the majority of the lift for the airplane, but they also cause drag. Remember that drag is a 
force that opposes the thrust force. Engineers are always trying to find ways to increase lift and reduce 
drag caused by the wings. 

In their efforts to increase lift and reduce drag, engineers use a mathematical formula called the "aspect
ratio.''  The “aspect ratio'' is simply a comparison between the length and width of the wing: length of
the wing / width of the wing = aspect ratio.

Experiments have shown that a wing built with a higher aspect ratio tends to create less drag than a
wing built with a smaller aspect ratio - even when their area remains the same!  

4. Write the aspect ratio equation on the board:

5. Go over an example of what this means with the students.  Draw two “model” airplanes on the
board.

Assign wing measurements to plane #1 as length = 6 units and width = 3 units.
Assign wing measurements to plane #2 as length = 9 units and width = 2 units.
Ask the students to calculate the area of each plane’s wing.  (The area of each plane equals 18
square units.)
Ask students to calculate the aspect ratio of each model plane.
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Plane #1’s aspect ratio is:  6 divided by 3, which equals 2.0 
Plane #2’s aspect ratio is: 9 divided by 2, which equals 4.5  

Ask students which airplane the engineers would rate as having the best lift and least amount of 
drag?  (plane #2 because it has a higher aspect ratio than plane 1) 

6. Ensure understanding by asking a student to define aspect ratio.  Ask a student to explain how
engineers determine if a wing will create more or less drag.  (Experiments have shown that an
airplane with a higher aspect ratio will create less drag than an airplane with a similar aspect
ratio – even when the area remains the same.)

7. Distribute the “Aspect Ratio of Wings” worksheet.  Go over the instructions and allow the
students to complete it.  Remind students that they should not use a ridiculous length and
width combination for wing measurements, such as 2 units long and 100 units wide.

8. Either collect the worksheets or go over the worksheets with the students.

9. Discuss any revelations or new ideas that were made after students complete the worksheet.

10. Have students view the Lockheed Martin: 70 Years of Mission Driven Innovation video
and explain that they are being hired to design a new aircraft. Their design should be
purposeful and based on the knowledge they gained during today’s Aspect Ratio of wings lesson.
Each creator will be required to justify the wing design by explaining how the plane’s aspect
ratio is beneficial to the function and purpose of the plane.

Summarization: 
Ask students how the shape of a plane’s wings can affect flight.  (It affects the amount of lift and drag on 
the plane.)  Ask students why a real glider commonly has long, slender wings.  Confirm that a glider has no 
engine; it cannot produce thrust while in flight.  It, therefore, requires a wing with an extremely high 
aspect ratio.  This helps it achieve the greatest amount of lift with the least amount of drag. 

Character Connection:  Remind students that sometimes, it is not what you 
have but what you do with what you have that makes a difference.  Just like the 
area of the wings of the planes were the same in many cases, the way the wings 
were designed in terms of length and width made a big difference in the 
amount of lift and drag experienced by the plane.  Encourage students to 
always do their best with what they know and have! 

Assessment: 
● teacher observation
● “Aspect Ratio of Wings” worksheet
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https://youtu.be/clW0qecco-0


Additional activity ideas to enrich and extend the primary lesson (optional):

● Using foam plates and wing templates, allow students to experiment with different wing shapes.
The lesson plan and templates are available at NASA" X-Gliders: Exploring Flight Research
with Experimental Gliders.

● Build a real flying styrofoam replica of the 1902 Wright glider.  Plans are available at NASA:
Wright Brothers 1902 Glider Model Instructions.

● Build a real flying balsa replica of the 1902 Wright glider.  Plans are available at
NASA: Modeling the Wright 1902 Glider.

Associated Websites: 

● In the Middle School Teaching Guide Space Day Toolkit, there are 5 hands-on aerospace lessons.
Lesson 3: Balloon Jet explores the four important forces affecting an aircraft’s flight—thrust,
drag, lift, and weight. Student teams study the effect of drag on the performance of balloon
“jets.”

● Live Science article titled “How Do Airplanes Fly?”

● "How Does Aspect Ratio Affect Your Wing?"

● NASA’s Wing Geometry Definitions

     Aspect Ratio of Wings – ANSWER KEY 

Even though each wing has the same area, 100 square units, Wing`C has the greatest aspect ratio, and Wing 
A has the smallest aspect ratio. This implies that Wing A creates more drag than Wing C. 

For part II, answers will vary!  Possible wing dimensions and aspect ratios for part II:

length = 100 width = 2 aspect ratio = 50

length = 50 width = 4 aspect ratio = 12 R2 (12.5)

length = 20 width = 10 aspect ratio = 2

length = 25 width = 8 aspect ratio = 3 R1 (3.125)  
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https://www.nasa.gov/pdf/136206main_X.Gliders.pdf
https://www.grc.nasa.gov/WWW/Wright/ROGER/1902model.htm
https://www.grc.nasa.gov/WWW/Wright/model1902.htm
http://www.mysciencesite.com/SpaceDayToolkit.pdf
https://www.livescience.com/7109-planes-fly.html
https://www.boldmethod.com/learn-to-fly/aircraft-systems/how-does-aspect-ratio-affect-a-wing/
https://www1.grc.nasa.gov/beginners-guide-to-aeronautics/wing-geometry-interactive/
https://www.nasa.gov/pdf/136206main_X.Gliders.pdf
https://www.grc.nasa.gov/WWW/Wright/ROGER/1902model.htm
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Four Basic Wing Designs 

Source: NASA’s former Exploring Aeronautics:  The Science of Flight
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…… extra information about wings 

Source:  NASA’s former Exploring Aeronautics: Student Logbook
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The Aspect Ratio of Wings 

Name 

Examine the three wings drawn below, calculate the area and aspect ratio of each wing, and 
fill in the following table. Then, rank the wings according to the drag that each will create, 
given their aspect ratios. Rank the wing with the least drag, number 1 and the greatest 
amount of drag, number 3. 
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The Aspect Ratio of Wings (part II) 

Name 
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