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DID YOU KNOW?
Gravity causes the tides!

Gravity is the force that keeps the moon 
in orbit around earth. But did you know 
the moon pulls on the earth too? The 
closer two objects are, the more pulling 
force they have on each other. 

The earth has solid land and liquid oceans. 
Whatever portion of the earth is closest to the moon is most strongly affected 
by the moon’s gravity. The water there rises in a bulge, causing the sea to rise 
in a high tide. In order for there to be a high tide somewhere on earth, there 
must be a low tide somewhere else. The relationship between gravity and 
tides is fascinating. To learn more, fi nd a book or website about the tides.

WHAT IS GRAVIT Y?
The downward force on an airplane is 
caused by gravity. Gravity is the force that 
pulls objects down toward the ground, and 
keeps us and everything else on earth from 
fl oating away into space. 

Gravity is a force of attraction between 
any two objects. All objects experience 
gravity and have an attraction to all other 
objects. Gravity makes an object that has a 
large mass feel heavy. This is because the 
effect of gravity pulls on objects with large 
masses with more force than it pulls on 
objects that have small masses. 

Flight is possible only when the force of 
gravity is overcome by the force of lift. 
Heavy objects need more lift than lighter 
objects if they are going to be able to fl y.

WHAT IS LIFT?
The upward force on an airplane is called lift. 
Flight is possible only when the force of lift is 
strong enough to overcome the downward 
force of gravity. 

Most airplanes have wings that are shaped like 
an airfoil. An airfoil has a curved top surface and a fl at 
bottom surface. Scientists have two explanations of how lift 
is created by an airfoil.

One explanation is that the curved top surface of the 
airfoil causes the air traveling above the wing to take a 
longer path. The longer path means the air 
above the airfoil must travel faster than the 
air below it. Faster moving air is lower in 
pressure than slower moving air. The slower moving air, with 
greater pressure, pushes the underside of the airfoil up into the 
faster air fl ow. When the force of lift is greater than the force of 
gravity on that object, then that object takes fl ight. This concept is 
known as Bernoulli’s Principle.

A compatible explanation is that as air moves over and underneath 
the airfoil, it is directed downward by the trailing edge of the wing. 
This is called a downwash. Newton’s laws state that there must be an equal and opposite 
reaction to the downward force of the air, which forces the wing upward, and creates lift.

Imagine keeping a balloon off the ground by squirting it with a squirt gun. When the 
water bounces off the bottom of the balloon (action), the balloon goes higher (reaction). 
If you want the balloon to stay up, you must constantly squirt it. You are creating lift with your 
squirts of water by forcing a collision between the water and the balloon. A plane’s engine 
moves it forward, causing a collision between the wing and the air, which creates downwash. 
The equal and opposite force from the downwash creates upward lift on the wing.

WHAT IS DRAG?
Drag is the force that slows down an 
airplane. If you have ever held your hand 
outside the window of a moving car and 
felt the air pushing against your hand, 

you have experienced drag.

When an airplane moves 
through the air, drag is created 
when the airplane moves the 
air in front of it. The air then 

fi lls in the empty space left behind the 
airplane, which causes the air to pull—
or slow—the airplane. In order for an 
airplane to fl y, the force of thrust must 
overcome the drag. When speed is 
important, engineers try to design 
planes that have less drag. 

A skydiver relies on drag to fi ll her para-
chute, which increases the air resistance 
and slows her fall. Drag is also important 
for controlling the direction of fl ight.

Airfl ow is slower over the lower surface 
and increases pressure.

Airfl ow is faster over the upper surface      
         and decreases pressure.
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Do This! 
1.  Hold the sheet of paper in one hand 

and the book in the other at the same 
height. Predict which one will win in a 
race to the ground.

2.  Drop both objects at the same time 
from approximately shoulder height. 

3.  Now place the sheet of paper directly 
on top of the book without any part of 
the paper hanging beyond the edge of 
the book. Predict which one will win in a 
race to the ground. 

4.  Hold the paper onto the 
book with your thumbs and 
drop both the book and the 
paper at the same time from 

the same height as before.

Think About It!
hy does the paper fall differently in 

each drop?
forces are acting upon the paper 

in each drop?
stance acts on airplanes and 

sheets of paper alik the 
difference between a falling piece of 
paper and an airplane?

IN
VESTIG

ATE

Materials (per person)
et of paper

1 Hardback book larger than the paper

Time: 15 minutes

Can Air Slow a Fall? DRAG RACING

Why?
hen an object moves through air, 

drag is caused by air resistance. r 
resistance is the result of collisions of 
the object’s leading surface with air 
molecules. The actual amount of air 
resistance encountered by the object is 
mostly dependent upon the area of the 
leading edge of the falling object. The 
book and the notebook paper experi-
ence nearly the same amount of air 
resistance because their leading edges 
are approximately the same area, but 
air resistance has little effect on the 
book, because the force of gravity is 
much greater than the opposing force 
of drag. hen the paper falls on top of 
the book, the leading edge of the paper 
is shielded by the book, minimizing the 
effect of air resistance. 

Materials (per person)

¾  full with water
tape, 1-2” (3-5 cm) wide

rinking straws
rs

Towels for clean up
11” x 17” (28x43cm) sheet of black        
construction paper
Tub for preparing materials and   
catching spills

Time: 20 minutes

Set Up 
1.  Fill the drinking cup ¾  full of water.
2.  Place a single strip of masking tape 

over the top of the drinking cup. 
ke a small tear (smaller than the diam-

eter of the straw) in the center of the tape 
with the scissors. Push tra through the 
hole so that it stands up on its own near 
the center of the cup, but does not touch 
the bottom of the cup. Trim tra that 
it is about 1/2 cm. taller than the cup.

Can a Breath Lift Water? STRAW FOUNTAIN

Do This!
1.  Place the cup of water at one end of 

the black paper.
2.  Get out your chair and keel or crouch 

so that your head is level with the 
top of the cup. Hold traw B perpen-
dicular to the top of traw . Blow 
through traw B so that the air moves 
perpendicularly across the top of 
traw 

ke small changes to the angle and 
the distance of traw B as you blow. 

changes?

Think About It!
hy does the water move up and out 

of tra
the air pressure changing in 

this investigation?
you explain how a perfume 

sprayer works based on this 
     demonstration?

Why?
By blowing air across the top of traw 

, you are lowering the air pressure 
above traw . The still air inside traw 

oves upward into the space of lower 
air pressure above the straw the 
column of air in tra oves up, 
the air in the cup pushes down on the 
surface of the water around traw , 
pushing the water in tra
its t the water gets to the top 
of traw , it is blown out in a mist. The 

of water.
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DID YOU KNOW?

December 17, 1903: Orville Wright fl ew 
the Wright Flyer into the history books. 
The longest of the three fl ights of the 
Wright Flyer was 196 feet (59.74 m). 
The Flyer gained an altitude of only about 
10 feet (3.05 m) above the ground. The 
entire fl ight only lasted 21 seconds. The 
entire fl ight could have easily taken place 
inside the body of a Boeing 747 airplane.

WHAT IS THRUST?
The force that moves an airplane forward 
is called thrust. An airplane can fl y only 
when the thrust is strong enough to 
overcome the drag on the plane.

An airplane’s engines create thrust. Enough 
thrust must be made to move the plane fast 
enough to create lift with the wings. There 
are four main types of airplane thrusters: 
propellers, jet turbines, ramjets, and rockets. 
Birds, bats, and insects create thrust by fl ap-
ping their wings.

Some airplanes do not have engines or 
their own source of thrust. These are called 
gliders. A glider needs specifi c environmen-
tal conditions in order to fl y, such as an 
uplifting wind or a tow into the air from an 
airplane with an engine. 

Airplane Propeller: The Twisted Wing

If you look closely at the shape of a propeller, it should look 
familiar. It is the shape of an airfoil, just like a wing! There is 
one difference between a wing and a propeller – the propeller 
is perpendicular to the ground. While a wing’s airfoil creates 
lift to keep the airplane fl ying, the propeller’s airfoils spin to 
create thrust and move the airplane forward.

Newton’s Third Law of Motion

“All forces occur in pairs, and these 
two forces are equal in magnitude 
and opposite in direction.”

A girl and a boy are standing on skate-
boards. When the girl pushes the boy, 
both skaters move away from each other 
with a force equal to that of the push. 

A jet engine works using the same 
concept. The fuel burns and leaves the 
back of the engine with a huge force. 
The jet engine and everything connected 
to it move in the opposite direction with 
the same amount of force.

Flight School: 
How Do Pilots Control 
an Airplane?

By increasing the drag on specifi c parts 
of the plane, small fl aps called ailerons, 
elevators, and rudders make it possible 
for the pilot to control the fl ight of the 
airplane.

LE
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Pitch
Elevators make the nose of the airplane 
pitch up or down. The elevators are 
on the tail of the aircraft. If you raise 
the elevator, the tail drops down and 
the plane pitches up. If you lower the 
elevator, the tail comes up and the plane 
pitches down.

Roll
There is an aileron on the back edge 
of each wing. Ailerons make the plane 
roll, which dips each wing up or down. 
By moving the ailerons in opposite 
directions, you can make the plane 
roll to one side or the other.

Yaw
The rudder makes the airplane yaw, 
which turns the nose of the airplane 
toward the right or left. If you move the 
rudder to the right, the plane yaws to 
the right. If you move the rudder to the 
left, the plane yaws to the left. To make 
the plane turn, you must roll and yaw at 
the same time.

rudder

fl ap

aileron

elevator

propeller

er 
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CAREERS IN THE 
AVIATION INDUSTRY
There are many ways to become involved 
in the exciting aviation industry.

SUGGESTED RESOURCES 
FOR TEACHERS
Legends of Flight Film
http://www.legendsoffl ightfi lm.com

NASA: Four Forces on an Airplane
http://www.grc.nasa.gov/WWW/K-12/airplane/forces.html

The Boeing Company: Forces of Flight
http://www.boeing.com/companyoffi ces/aboutus/community/fof.html

NATIONAL SCIENCE EDUCATION STANDARDS FOR GRADES K-3
•  Science as Inquiry: Students develop abilities necessary to conduct scientifi c inquiry.

•  Physical Science: Students develop abilities to describe the position and motion of objects.

•  Earth and Space Science: Students observe and describe objects in the sky.

•  Science and Technology: Students develop an understanding about science and technology.

•  Aerospace engineer

•  Air Marshall

•  Air Traffi c Controller

•  Baggage Handler

•  Civil Engineer

•  Electrical engineer

•  Flight Attendant

•  Ground Crew

•  Interior Designer

•  Maintenance Mechanic

•  Mechanical engineer

•  Meteorologist

•  Pilot

•  Psychologist

•  Security Agent

•  Systems Engineer

•  Ticket Agent
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SEE HOW THE AIRPLANES OF THE 20TH

CENTURY HELPED INFLUENCE THE 

RADICAL NEW DESIGN OF 21ST 

CENTURY AIRCRAFT.

GO BEHIND THE SCENES TO OBSERVE 

HIGH TECH MANUFACTURERS AROUND 

THE WORLD USING MODERN TECHNOLOGY 

TO COORDINATE THE DESIGN AND CON-

STRUCTION OF NEW AIRCRAFT.

FLY IN THE COCKPIT WITH 787 CHIEF PILOT, 

MIKE CARRIKER, AS HE TAKES THE NEW 

DREAMLINER ON ITS FIRST TEST FLIGHT.
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