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Have you ever looked at a plane taking off and wondered how it
gets into the air? Maybe you even thought the runway needed to be
longer. You are probably not the only one. All through history humans
have been fascinated by flight. Whether it’s watching birds fly around
the park, riding in a hot-air balloon, soaring with the wind in a glider,
or flying in a jet plane to see a family friend, people have always
wanted to fly faster and higher. In fact, the fastest plane in the world
can now go 3218 km/h!

In this unit, you will explore the properties of air and investigate the
characteristics of flight. In fact, air and flight are very closely related.
Without air, airplanes could not fly! Can you think of any object that
can fly without the presence of air?

U n i t

2Air and Flight

Launch: Up, Up, and Away . . . . . . . . 2

1: Lift Off! . . . . . . . . . . . . . . . . . . . . . . 4

2: An Expanding Situation. . . . . . . . . 6

3: The Air Around You . . . . . . . . . . . . 8

4: Gravity Versus Lift: 
Forces Against Each Other . . . . . 13

5: Air in Motion . . . . . . . . . . . . . . . . 15

6: Learning About Flight . . . . . . . . . 18

7: Take Off . . . . . . . . . . . . . . . . . . . . 21

8: Moving Faster, Slower, Up, 
and Down . . . . . . . . . . . . . . . . . . 23

9: The Four Forces of Flight . . . . . . . 26

10: Payload Lift Off . . . . . . . . . . . . . 30

11: Flying Canadians: 
Building a Wall of Fame . . . . . . 32

12: Flight Just Above the Ground: 
The Hovercraft . . . . . . . . . . . . . . 38

Design Project: Make It Go . . . . . . . 40

Unit Review . . . . . . . . . . . . . . . . . . . 43

Glossary. . . . . . . . . . . . . . . . . . . . . . 47

• about the properties of air and how these apply to flight

• how to design and construct flying devices

• what design features in flying devices make use of the
properties of air

Now you will find out:



2 SCIENCE & TECHNOLOGY 6

Get Started
An airport is an exciting place! You can see planes taking off and

landing. But there are many more examples related to air and flight

in this illustration. How many examples can you find?

1. In a group, list the examples related to air
and flight that you see in the illustration.
Compare your findings with those of other
groups. Add any additional observations to
your list.

2. What words would you use to describe 
air and flight? Your group will have two
minutes to write down on chart paper as
many words as you can that are related to 

air and flight. When your teacher tells you
to stop, half of your group will move to
another group. You will then have two
minutes to add any more words to the
chart paper. This process may be repeated
several more times.

3. Post the completed chart paper lists on
the walls around the classroom. 

Up, Up, and AwayUp, Up, and Away



1. Review your list of words. Put (a) beside
those words you think have something to
do with air. Put (f) beside those words you
think have something to do with flight. If a
word has something to do with both air
and flight, put (af). If you are unsure
about where a word or example belongs,
put a question mark beside it.

2. Now look at the examples that you found
in the illustration. Put an (a), (f), or (af)

beside each example. 

Write

A passport states who you are and what
country you are from. It holds important
personal information. You will make a
passport that holds another type of
important information. It will be a flight
passport. It will contain information you
collect about the properties of air and
flight. For the cover page of your flight
passport, draw at least one idea or object
related to air and one related to flight. 

3AIR AND FLIGHT
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Lift Off!

Have you ever seen hot-air balloons 
soaring over a field? Now you 
can make and fly your own 
hot-air balloon. These 
balloons can be safely 
tested and flown in the 
gym on windy days or 
outside on calm days. 
This will give you a 
chance to observe 
some properties of air.

1

Procedure
In a group of at least five students, 
gather the materials. Make sure to check
your bag for rips or tears. This is your
balloon.

Tape four pieces of thread (each
about 2 m long) to the opening of the
balloon. These are called tether lines

and are used to hold onto the balloon.

2

1
Safety Caution

Be careful when handling the hot hair
dryer. Do not let the plastic bag touch the
dryer. Make sure to hold the dryer at least
10 cm from the opening of the bag. Do
not put the bag over your mouth or face.

Materials for each group:
lightweight kitchen garbage bags 
(51 cm by 56 cm)

stopwatch or watch with second hand

hair dryer (with variable speeds)

scissors extension cord

thread tape
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To launch your group’s balloon, have
one person hold the balloon over the
hair dryer while four others hold the
tether lines, keeping the mouth of the
balloon open. Turn on the hair dryer to
the highest, hottest setting and fill the
balloon with hot air.

As the balloon inflates with hot air, the
person holding the bag over the dryer
can let go, leaving all of the tension on
the tether lines. Turn the hair dryer off
and place it on the floor.

When the balloon is fully inflated,
release the tether lines at the same time.
Use the stopwatch. Time how long your
balloon stays in the air.

If Time Allows

Record your flight time on a chart at the
front of the class.

After you have successfully launched your
balloon, discuss the following questions. Be
prepared to share your thinking with that of
the other groups in the class.

1. How long did your balloon stay in the air?

2. How can you make your balloon fly higher?

3. How can you increase the amount of time
your balloon stays in the air?

4. Do weather conditions affect your balloon’s
flight? Explain how.

5. Why do you think the balloon flies? What
do you think makes it stop flying? 

6. Use the class data on flight time. Create a
graph that represents the flight times of
the balloons.

7. How do hot-air balloonists keep their 
balloon going?

Discuss

Remember to be careful when you launch 
the balloon. It should be well away from any
electrical wires or other safety hazards.

6

Make another balloon, but this time
use two bags. Glue one bag inside the
other. Repeat steps 1–6.

Compare your double-bag balloon with
your single-bag balloon. You kept the size
the same, but increased the mass. What
effect did increasing the mass have on
the balloon? Explain.

5

4

balloon

tether lines
held by
students

hair dryer

3
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An Expanding Situation

You can use your observations from
flying your balloon to help you
understand air. The more you
know about air, the better
you will understand flight.

Have you ever seen waves of 
warm air rising off a paved
road on a hot summer day?
What makes this happen?
You may have noticed
that an inflatable toy left
in the sun gets bigger as
it heats up. Believe it or
not, these situations are
related to the flight of your
balloon. 

In this activity, you will explore
what happens when you heat
and cool air.

2

Procedure
Blow up the balloon and let the air out.
Repeat this twice. This will help the 
balloon stretch more easily during 
the activity. 

Stretch the open end of the balloon over
the neck of the bottle. The balloon
should now hang limply down the side
of the bottle.

2

1
Materials for each group:
balloon

2 L soft drink bottle

two large containers

hot water

ice water
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Half-fill one container with hot water.
Fill the other container to the same level
with ice water.

Predict what will happen when you hold
the bottle with the balloon in the hot
water.

Hold the bottle in the hot water as
shown. Record your observations.

Predict what will happen when you hold
the bottle with the balloon in the ice
water.

Hold the bottle in the ice water. Record
your observations.

Provide evidence from the activity to support
your answers to these questions.

1. What is in the bottle? 

2. What did you observe when the bottle was
held in hot water? Why do you think this
happened?

3. What do you think would happen to the
balloon if it were held in hotter water?

4. What did you observe when the bottle was
held in cold water? Why do you think this
happened?

5. Now you know what happens to air when
it is heated and when it is cooled. Describe
situations you have experienced in which
air expanded when heated and contracted
when cooled.

6. Why do you think hot-air balloons are
shaped like they are? Why are they not
shaped like spacecraft?

How does air expansion help this balloon get
over the hill?

Suppose you are a pilot in a hot-air 
balloon. You are coming to a large hill.
Luckily you know how air expands and
contracts, and you clear the hill.
Explain in your flight passport how you
got your balloon to rise high enough to
clear the hill.

Write

7

6

5

4

3
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Your teacher will set up six “air information”
centres in your class. Go to each centre to
perform a different task. When instructed by
your teacher, move to the next centre. The
information you collect will help you review
your answers to the three questions above,
and change them as needed.

Centre 1: Is There Air in There? 
Try to get water into a jar through a funnel.

Materials for each group:
jar modelling clay

funnel beaker of water

nail

The Air Around You

Blow up a balloon. Hold on to the end, 
without tying a knot in the balloon. 

1. What is filling up the balloon?

2. Is the balloon lighter or heavier 
after it has been blown up?

3. Could you stick your balloon into a 
jar that is smaller than the balloon?

Carefully let the air out of the balloon.

Share your responses to the questions 
with the class. Do your answers agree 
with those of your classmates? It doesn’t 
matter what the right answer is; what 
matters is that everyone has a possible 
answer. In the next two activities, you 
will have a chance to test your ideas and 
change your answers if necessary. A good 
scientist is willing to change an answer when 
new ideas are presented.

3
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Procedure
Press the modelling clay around the
mouth of the jar to hold the funnel in
place.

What do you think will happen if you
pour a lot of water very quickly into the
funnel? Record your prediction.

Pour water into the funnel. Describe
what happened. Are you surprised by
this result?

Can you think of a way to get the water
in the funnel to go into the jar without
removing the funnel or the modelling
clay? Discuss possible solutions and
then try them.

Explain how you got the water into the
jar and why it worked. Your explanation
should include the phrase “air takes up
space.”

Centre 2: Does Air 
Have Weight? 
Try to balance two balloons.

Procedure
Inflate the two balloons so that they are
about the same size. Tie a knot in each.

Tie thread to each balloon. Tie one 
balloon to each end of a straw. Balance
this apparatus horizontally on your 
finger and mark the straw at the point of 
balance. Push the pin through. Push the
same pin through one end of the other
straw held vertically. From now on, hold
the object by the second straw. You may
need to adjust the balloon threads on
the horizontal straw to get a perfect 
balance. 

Use the other pin. Poke a hole in one of
the balloons. When the apparatus stops
moving, draw it.

Why do the two balloons not balance
now?

4

3

2

1

Materials for each group:
two balloons of the same size

two straws

two pins

thread

5

4

3

2

1
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Centre 3: Can Air Be 
Pushed Around? 
Try to get the bag attached to the jar into the
jar.

Procedure
Partially inflate your bag by swishing it
through the air and immediately placing
it over the mouth of the jar. Tape the bag
tightly to the jar.

What do you think will happen when
you try to get the bag into the jar? Try it.

Describe what happened. Why do you
think this happened?

Centre 4: What Is Happening
to the Air? 
Try to squeeze, or compress air and water.

Procedure
Use the modelling clay. Open the
syringe. Plug the end of the syringe.

Try and push the syringe closed. What
happens?

Remove the plug. Fill the syringe with
water. Replace the plug. Now try and
push the syringe closed. What happens?
What does this tell you about air? About
water?

3

2

1

Materials for each group:
60 mL syringe without needle

modelling clay

water

3

2

1

Materials for each group:
jar

plastic bag

tape
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Centre 5: Can Air Keep the
Heat Out?
Try to see if air can block heat.

Procedure
Fill one of the paper cups with hot
water.

Use the other two cups. Place one cup
inside the other. Fill it with hot water.

Which cup feels hotter—the single cup
or the double cup? Why do you think
this is?

Centre 6: Plan Your Own
Investigation
Procedure

Choose one of the following situations.
Write a question about the situation that
you could easily investigate.

a. air leaking out of a securely tied 
balloon through the balloon’s walls

b. comparing the heaviness of two 
balloons, one filled up half-way, the 
other completely filled up

c. a balloon expanding in direct sunlight

Plan an investigation using several steps.
In order for your investigation to be 
a fair test, you must keep all the 
characteristics, or variables the same
except one. Which variables are you
keeping the same? Which one are you
changing?

Record your observations and 
measurements so that you can 
describe what happened during your
investigation. You may wish to graph
your results.

Decide how you will present the results
of your investigation to the class so that
the class will be able to understand them.

1. Look at your answers to the three 
questions from the start of this activity.
Use the information you collected at the
six centres to support or change your
answers.

2. Summarize the properties of air you
observed from each centre. Your summary
should use the words “space,” “weight,”
“pressure,” “compress,” and “insulate.”

Write

4

3

2

1

3

2

1

Materials for each group:
3 paper cups

hot water



3. For part a, describe which property of air
is being demonstrated. You may want to
try it in your class or at home. 

a. Six plastic bags are placed on a desk. A
piece of plywood is placed on the bags
and a student sits on the plywood. Six
other students blow into the plastic bags.
The student and the plywood are lifted.

b. Look carefully at each of the photos.
Describe how the properties of air are
used to make each product work.

12 SCIENCE & TECHNOLOGY 6
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Gravity Versus Lift: 
Forces Against Each Other

4

Your hot-air balloon rose because the hot air
and the expansion of the balloon created a
force called lift. For an object to fly, there
must be enough lift to overcome the force of
gravity acting on the mass of the object. The
lighter the object, the less lift required. This
is why it is so important to make a flying
device as light as possible so that it can 
overcome the force of Earth’s gravity.

Gravity is a force that results from the 
masses of objects being attracted to other
masses. Your mass is attracted to Earth. 
This force of gravity prevents you from 
leaving Earth’s surface. It is important to
note that the force of gravity does not
depend on air; it depends only on mass. 

You have done several investigations on air. 
Now it is time to organize the information 
you gathered.

Design a property web that identifies three 
to five properties of air. Work by yourself at 
first, then compare your web with those of 
your classmates. 

Air

Takes up 
space

Expands
when heated
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Many living things have features that allow
them to be transported by wind. They use the
wind to create lift. For example, a dandelion
seed acts like a kite to go up and a parachute
to come down. It is very light and has a fluffy
top. As the wind blows into the fluffy top, lift
is created, causing the seed to rise. When the
wind dies down, the seed slowly falls to the
ground. The fluffy top acts like a parachute.
When the seed rises, the lifting force is
greater than the force of gravity on the seed.
When the seed comes down, the lifting force
is less than the force of gravity on the seed. 

1. Use the information from this activity. 
Add any new ideas about air to your 
property web.

2. a. Research spores and pollen on the
Internet or in the library. Choose a
spore and a pollen. Identify the 
different features in each that allow 
it to be transported by the wind.

b. Compare each to the dandelion seed.

3. Below is a map of a balloon trip. For 
each spot labelled with a letter, indicate
whether the stronger force is lift or 
gravity.

A

B

C

D
E

F

G

Write
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Air in Motion

You have observed how the forces of lift
and gravity work to make objects rise.
Now it’s time to investigate another way
to create lift as objects travel through
air in directions other than vertical.

Try this quick experiment to show
another way to generate lift. Hold one
end of a strip of paper (about 5 cm by
20 cm) against your lower lip so that 
the strip sags down over your chin. 
Blow hard across the top of the paper
and watch the paper strip rise. Lift is
being created. The question is—how 
was the lift created? Discuss a possible
answer with a partner and then share
your idea with your classmates.

5

Your task is to observe the effect of air 
flowing around objects. You can do this 
activity at your desk.

Procedure
Fold an index card in half. Stand the card
on a table so that it resembles a tent. 

Do you think you can blow the card off
the table by puffing air under it?

Try to blow the card off the table by
blowing carefully through an open end
of the card. Observe the card closely as
you blow. Observe as your partner
blows. What happens to the card?

3

2

1

Materials for each pair:
two index cards (about 10 cm by 15 cm)

continue…
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Try a variation on the tent by making
two folds in another card so it resembles
a squared U shape. Fold each end about
2 cm from the edge.

Again, try blowing under the card to see
if you can blow it off the table. Observe
as your partner blows under the card.
What happens to the card? Why do you
think this happens?

What happens if you blow on the side of
the card instead of under it? Why do you
think there is a difference?

Your task is to observe and record what 
happens to a ping pong ball in a funnel when
air is blown through the funnel.

Procedure
Use your compasses. Draw a circle with
a diameter of 18 cm. Cut out the circle.
Cut out the piece as shown in the 
diagram. Put an A and a B roughly
where they appear in the diagram below.

Pull A and B together to form a funnel
shape. Tape or glue the funnel in place.

Cut the point from the funnel as shown.
Put the ping pong ball in the funnel.

Predict what will happen when you try
to blow the ping pong ball out. Be 
specific in your prediction. For example,
if the ball is to rise, how high will it go?

Blow upward through the funnel as hard
as you can.

5

4

A B

cut

ping pong
ball

3

2

18 cm

4 cm

A

B

9 
cmgl
ue

1

Materials for each pair:
pencil scissors

paper glue or tape

compasses ping pong ball

6

5

4

Make sure that you blow directly
under the card; otherwise, this 

activity will not work!

…
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Once you have each had a chance to try
the experiment, work in groups to share
your observations and explanations. 

Discuss ways to change the funnel so
that the ball can be blown out. 

1. You have done three activities: blowing air
across a strip of paper, through a card tent,
and through a paper funnel. List anything
that all three activities had in common.

2. Describe how moving air is different from
still air. Record your ideas on chart paper
so that you can share your thinking with
your classmates. 

3. Sometimes an investigation can lead to
more questions than answers. You may
still have questions that need to be
answered before you can properly explain
what you have done in these activities.
This is a list of questions a student had
after completing this activity. What other
questions can you add?

Write

7

6
11.. Why did the paper go up when 

I blew across it?

22.. Why did the card tents not 

move when I blew under them,

but moved when I blew on the

side?

33.. How does the ping pong ball 

stay there?

44.. Does moving air play some 

role in all three of the 

activities?

55.. Is there any connection

between what I have done 

and how airplanes fly?
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Learning About Flight

When you blow into a balloon, the 
air inside the balloon has greater 
pressure than the air outside the
balloon. As a result, the balloon 
expands. A region of higher 
pressure will move or expand 
into a region of lower pressure 
in any natural situation. A strong 
wind usually is caused by air 
moving from a high pressure 
region to a low pressure region.

If you study air in motion, you 
are studying aerodynamics. Where 
does this word come from? Let’s look 
at the two parts of the word: aero 
means air and dynamics means in motion. Use a 
dictionary. Find another word that starts with aero.

Review the list of questions at the end of the previous activity, including
the ones you added. Yours were not numbered, so number them now.
The following activity should help you find some answers to the 
questions. You will notice each paragraph has a yellow letter in a red 
circle. When you find the answer to each question, put the letter of the
paragraph next to the question.

6

The work of Swiss mathematician 
Daniel Bernoulli was instrumental 

in the study of aerodynamics. In 1738, he
published his first article explaining his 
discovery of how moving fluids exert less
pressure than still fluids. This discovery was

found to be true for moving air as well.
Today this discovery is called Bernoulli’s

Principle. It means that the faster the air
moves over an object, the lower the pressure.
Bernoulli’s Principle can help answer some
of the questions from the previous activity.

A



19AIR AND FLIGHT

When you blew air across the strip of 
paper, you lowered the air pressure by

making the air above the strip move faster
than the air below the strip. With lower 
pressure on top compared to below, lift was
created and caused the paper to rise. Can
you think of any other situations in which
you have observed lift being created in this
way?

Remember, Bernoulli’s Principle states 
that moving air exerts less pressure

than stationary air. When you blew under 
the folded card, where was the pressure 
lowered? If you said under the card, you are
correct. The low pressure created under the
card pulled the card toward the desk. The
higher pressure above the card pushed the
card down toward the desk. Thus, the card
could not be blown away. The harder you
blew, the lower the pressure, and the harder
the card pushed toward the desk. When you
blew on the side of the card, the air could not
flow around the paper easily. Instead, your
blowing caused the paper to move across the
desk.

Another way to state Bernoulli’s 
Principle is the faster the flow of the

air, the lower the pressure is exerted. When
you blew through the paper funnel, air
flowed fast around the ball. The air at the
mouth of the funnel was flowing fastest and
had the lowest air pressure. The ball was in
an area of relatively higher pressure since it
was outside the mouth of the funnel. Like the
wind going from higher to lower pressure,
the ball was sucked toward your mouth or 
to the lower air pressure.

D

blow

higher air pressure

lower air pressure

C

lift

blow

lower air pressure

higher air pressure

B

higher air pressure

lower air pressure

ping
pong
ball

blow
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This same principle explains how 
airplane wings work. As a jet plane is

pushed through the air by the hot exhaust
gases pushed with force from its engines, 
the shape of the wing forces the air travelling
over the top of the wing to move faster. This
lowers the air pressure and gives lift to the
wing. When the lift is greater than the force
of gravity acting on the plane, the plane will
rise. The greater the area of the wing, the
greater the lift. This is one way a plane goes
up and down. By adjusting the area of the
wing, a pilot can control the rate of ascent or
descent.

1. Review the questions at the end of the 
previous activity. Use the letter labels from
the reading for reference. Write an answer
to each question. If you have a question
you cannot answer, share it with the class.
See if anyone can find a solution.

2. On this page are three different wings.
Which one would create the greatest lift if
it were moving through the air? Which one
would create the least amount of lift if it
were moving through the air?

3. Describe two things you know now about
Bernoulli’s Principle that you didn’t know
before. What one thing would you like to
know more about?

In your own words, describe Bernoulli’s
Principle in your flight passport. Give
two examples of products that use this
principle outside the classroom.

Write

airflowwing

E
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7 Take Off

You will design a device that can fly. You will
visit three “airports” and use your device to
perform each task described. Your teacher
will set up each airport. When instructed by
your teacher, move to the next airport.

Procedure
Use any of the available materials to
make a flying device. Then take your
device to each of the three “airports.”

1

Safety Caution
Make sure to direct your flying device
away from yourself and your classmates
to avoid injury.

Materials for the class:
scissors paper

tape straws

paper clips

How can you use the properties of air to make something that flies? 
In this activity, you will have a chance to experiment with your ideas.

Think of something that flies. Work with a partner to try to guess what
each other is thinking. Use only questions that can be answered with 
yes or no.

It doesn’t take long to see there are many different types of things that
fly. There are animals, insects, and flying devices such as kites, 
airplanes, and even Hovercraft. Now it’s time for you to create a device
that can fly.
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Which task did your flying device 
perform best? Put your device at that
airport.

1. Look at the flying devices in one of the
three airports. List similarities in the
designs that you think made the devices
perform that particular task well. Repeat
this procedure for the other two airports.

2. Use all three lists from question 1. What
were the differences in design between the
various types of flying devices?

3. How would you change your flying device
next time?

4. What safety measures did you take with
your flying device?

5. Did you use your materials economically
and effectively—was any paper wasted
during construction of your flying device?

Draw a picture in your flight passport of
the flying device you liked the best.
Describe what you liked about it, what
task it performed the best, and why you
think it performed well on that task.

Write

2
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8 Moving Faster, 
Slower, Up, and Down

There are many different ways you can get a plane to fly. As you can see
from the photos, some of them look quite interesting. In some cases you
may wonder how they even fly.

This activity continues your investigation of what propels an object like a
plane forward, what slows it down, and what makes it turn. Using what
you learned in the previous activity and what you know about airplanes,
list several words that could complete the following sentence: “Airplanes
move because of ….”  Share your list with the class. What were the three
most common terms?



1.Fold paper in half
lengthwise, then open
it to create centre line.

2.Fold corners in
to centre line.

3.Fold point up.

4.Fold corners in. 5.Fold point down.

6.Fold in half along
centre line.

8.Fold wing 
tips up.

9.Cut wing flaps
and fold up.

7.Fold wings down.

staple
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You have been assigned to work with an
aerodynamics engineer to investigate the
flight properties of a new glider design. The
engineer has asked you to make some 
models of the glider and try a couple of
experiments. After your investigation, you
will write a report summarizing your results.  

Procedure
Work with a partner to construct your 
Express Flyer using the steps in the 
diagram. You may need help from your
teacher to fold or cut your glider. It is
important that you build your E-Fly
carefully so that all are similar. Then 
you will be able to compare adjustments
and results with others. This is 
considered a fair test.

Thanks for helping me with this work on

the aerodynamics of stunt glider code

named “Express Flyer” or, as I like to

call it, “E-Fly.” 

1

Materials for each pair:
paper 21.6 cm by 27.9 cm 
(8 1/2” by 11”)

scissors stapler paper clip
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Try your glider to make 
sure it works.

Turn both wing flaps up. What happens?

Turn both wing flaps down. What 
happens?

Turn one wing flap up and one down.
What happens?

Repeat step 5 with wing flaps going the
opposite way. What happens?

Add a paper clip to the front of 
the plane. How does this affect 
the flight pattern?

Using the materials provided or 
additional materials, can you make any
other changes to the glider to make it 
fly better?

1. Prepare a report on the E-Fly for the 
aerodynamics engineer. Include these 
sections and your finished glider.

a. summary of results

b. description of safety precautions taken
during the experiments

c. were materials used economically and 
efficiently? For example, did you waste
paper constructing your E-Fly?

d. what are the characteristics of a good 
E-Fly?

2. You prepared a report on the E-Fly. In this
report, you identified the characteristics of
a good E-Fly. These characteristics can be
called variables. Which variables did you
keep the same? Which did you change?

In your flight passport, summarize 
how you would make the E-Fly turn
left, turn right, and do a loop. Add any
other flying tips that made the glider 
fly better.

Write

8

7

6

5

4
3

2
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9 The Four Forces 
of Flight 

During your flight testing of the E-Fly, you experimented with the two
additional forces required for an airplane to fly—thrust and drag. The 
four forces of flight are—lift, gravity, thrust, and drag. By the end of this
activity you should be able to state the four forces, describe the function
of each force, and provide an example of how each force affects an 
airplane.

wing

wing

tail

propeller

propeller

thrust

ailerons

ailerons

flaps
rudder

fuselage

flaps

elevators

landing 
gear

lift

drag

gravity

Which way will the plane go, up or down?



thrust

drag

lift

gravity

direction of plane
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Thrust is force that moves the plane forward.
When you threw your glider, you provided
the thrust. In an airplane, the thrust comes
from the propellers or jet engine. And when
you have thrust or moving air across a 
surface you get lift. This is how an airplane
can fly. The thrust moves the plane forward
and generates lift to keep the plane in the air.

Have you ever tried to run in a pool or lake?
It is very difficult to do because the water
slows you down. You could say that the
water is creating a drag on your movement.
Air behaves in a similar way. Air creates 
drag on a plane and slows it down. The force
of drag has advantages and disadvantages.
One advantage is it helps the pilot to steer
the plane. Think back to when you were
experimenting with the flaps on your glider.
By adjusting the flaps, you were making it
harder for the glider to go through the air.
You increased the drag on the glider in vari-
ous ways to make it turn. 

A disadvantage of drag is that it is a force
that tries to prevent motion. A plane needs

more thrust than drag to fly. You may have
seen some planes or a space shuttle land
with parachutes. Parachutes are used when
the plane is moving very fast and some 
assistance is needed to slow the plane down.
In this instance the parachute increases the
drag on the plane.

Like planes, birds and insects make use 
of the four forces of flight. Make a Venn
Diagram to compare the similarities and 
differences between an airplane and a bird 
or insect. Work with a partner to brainstorm
similarities and differences that you already
know.

Airplane
• made

of metal
• holds

people

Bird/Insect
• living
• lighter

than
planes

• experience
drag

To fly requires all four forces of flight—thrust, drag, lift, and gravity.
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One of the main differences between planes
and flying animals is size. Animals are 
relatively small compared to airplanes. 
As a result, they have different features or 
adaptations to allow them to fly. For 
example, birds and insects get their thrust
and lift from beating their wings. As well,
most birds can hover in one place for short
periods of time by moving the wings forward
and backward. Insects are better at hovering.
Because they have long wings and are very
light, they can generate a lot of lift. An 
airplane cannot do this. A helicopter can
copy this motion, but is unable to travel long
distances like an airplane.

Another difference between airplanes and
birds is that birds have muscles. 

Rather than using flaps like an airplane, birds
can use their muscles to turn one wing 
slightly up and the other wing slightly down
to change direction. 

Another unique adaptation of birds is that
they have hollow bones that reduce the force
of gravity. This may sound surprising to you,
but it is true. The inside of a bird bone is
mostly hollow, except for the supports or
struts. 

Most airplane wings and racing bicycle
frames are now built in the same way as bird
bones. This is a good example of humans
copying an idea from nature. These 
structures are hollow with internal struts to
save on weight without loss of strength.
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.

For questions 5 to 7, research any additional
information on the Internet or in the library.

1. Create a web about flight. Identify the
forces needed for flight. Describe how
each force is required for flight to occur.
Now draw a diagram showing an effect of
each force. Add any key words or ideas
you have learned about flight.

2. Explain two different ways to change the
drag on an airplane. Describe how the 
airplane would respond to the change.

3. Flying a plane is often said to be a balance
between stability and control. Look at
each diagram. Describe the motion of each
plane.

a.

b.

4. Describe what makes flying devices 
propel, or drive forward.

5. What is the difference between the way an
airplane and a helicopter fly? When would
an airplane be more useful? When would a
helicopter be more useful?

6. What is the difference between a bicycle
and a car? What situation is each most
useful in?

7. What is the difference between an airplane
and a spacecraft? Why do you think air-
planes cannot be used as spacecraft?

Three terms describe the movements 
of an airplane. Pitch is the up-and-down
movement of the nose of a plane. Roll

is a motion where one wing tip moves
up while the other wing tip moves
down, causing the body of the plane 
to roll. Yaw is the side-to-side 
movement of the nose of a plane. Pilots
manoeuvre planes through the air using
combinations of pitch, roll, and yaw.

Imagine you are flying your own plane.
Use the words in bold to describe the
most exciting part of your flight in your
flight passport.

lift

gravity

dragthrust

172402

lift

gravity

dragthrust

172402

Write
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10 Payload Lift Off

Procedure
Choose a balloon, inflate it, and twist it
closed so that the air doesn’t escape. 

1

On October 5, 1984, Canadian Marc
Garneau lifted off Earth in the space
shuttle Challenger to become the first
Canadian in space. Scientific 
equipment, food, water, air, and other 
necessary supplies were included on
this flight. Very powerful rocket engines
were required to lift this weight. In fact,
when a space shuttle lifts off, it requires
one hundred times more energy than to
run a small car for one year. These 
rockets generate a lot of lift!

You are going to design an air rocket to
lift the heaviest possible payload to the
ceiling of your classroom. Like the space
shuttle, the more lift you can generate,
the more payload you can take up into
“space.”

Materials for each pair:
balloons (variety of shapes and sizes)

cardboard or stiff paper

fishing line or strong thread (coloured)

plastic drinking straws

tape

empty drinking boxes with straws

modelling clay

pennies



straw

tape

tape

balloon

fishing line

floor

ceiling
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Let the balloon go and watch its flight.
What makes it go? Why do you think 
the balloon doesn’t fly straight? Describe
to your partner one way to make the 
balloon fly straight up. What safety 
measures did you take with your 
balloon?

Use your balloon and the materials 
supplied. Design a rocket that will carry
the greatest number of pennies to the
ceiling. This is your payload. Only one
penny need touch the ceiling to consider
the trip successful.

When your rocket is ready, tape it to the
straw. Start your countdown, and when
you reach one, launch your rocket by
letting it go.

Identify the characteristics or variables
of a good rocket.

Change one characteristic or variable
that you think will improve the 
performance of your rocket.

1. Summarize how your rocket worked. 

2. How does the shape of the balloon make a
difference to the way it flies? 

3. What factors do you think will affect the
lifting power of a balloon rocket? How
could you test their effects?

4. What is the best design for a rocket that is
to lift a large number of pennies?

5. Based on your investigations, how can you
improve the way your balloon rocket flies?

6. Describe how unbalanced forces are used
to steer airplanes and spacecraft.

Research on the Internet or in the
library. Find two other examples of
rockets to put in your flight passport.
Include a diagram and a brief 
description of each one. Your 
description should include the name 
of the rocket, when it was used, and
what it was used for. In your research,
try to find out how these rockets are
controlled. Some rockets are controlled
by the astronauts aboard and some are
controlled by radio from the ground.

WriteDiscuss

6

5

4

3

This balloon will fly straight up when it is taped to
a straw threaded on fishing line that is mounted
between the floor and the ceiling.

2
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Flying Canadians:
Building a Wall of
Fame

The following web page highlights some milestones in the history of flight
and space travel. Read over the information contained here. Later, you
will be asked to create a time line of important dates in the history of
flight.

11

3000 years ago: Greek legend of Daedalus and Icarus. 

Legend has it that Daedalus designed a flying suit made
of bird feathers. When his son Icarus tried to use it, he
flew too close to the sun and the 
wax used to hold the feathers 
together melted. Icarus fell 
back to Earth.

2400 years ago: 
The Chinese invent the kite.

Late 1500s: Leonardo 
da Vinci of Italy drew 
plans and pictures of 
human-powered flight.
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1783: Brothers Joseph and Jacques Montgolfier 
of France demonstrated flight of the first hot-air
balloon.

On November 21, 1783, human flight was 
accomplished. A Montgolfier hot-air balloon flew
8 km across Paris. The balloon was made of linen
bags. Hot air coming from a fire beneath the 
balloon inflated it.

1853: Father of modern aviation, Sir George
Cayley of England, studied animal flight and
designed a monoplane glider to carry humans.

As a child, Cayley built and flew model 
gliders. Forty years later he made a model big
enough to carry a small boy several metres above
the ground. Then in 1853 he made the first glider
to carry an adult. Not much is known about this
flight as no records were kept.

1891: Otto Lilienthal of Germany developed 
methods to control glider flight.

From a hill in Germany, Otto Lilienthal launched 
a glider whose flight could be controlled. Perhaps
the best way to imagine this flight was to imagine
his glider like today’s hang glider. To control how
the glider flew, Lilienthal had to adjust his weight.
This is like leaning slightly to turn a corner on a 
bicycle, except that he was doing the leaning in
the air.

1903: The American Wright Flyer—The first 
powered flight.

Building their own motor and propeller, the
Wright brothers Orville and Wilbur of the United
States became the first humans to truly fly. The
Flyer 1 had two 12 m wings on each side of the
fuselage. The first flight lasted 12 s with a distance
of 36.5 m.
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1947: Chuck Yeager of the United States and the
X–1 Plane break the sound barrier.

March 2, 1972: The American spacecraft Pioneer
10 was launched. 

Only 259 kg in mass, Pioneer 10 took pictures of
Jupiter and did scientific experiments. Perhaps it is
best known as one of the few human-made
objects to leave our solar system. In 1983 Pioneer
10 passed the farthest known planet of our solar
system and is still travelling!

1957: The Soviet Union launches the first Sputnik
into space.

Sputnik was the first artificial satellite to be
launched into space. It was an 84 kg metal sphere
that contained a battery and a radio transmitter. 

July 20, 1969: The American spacecraft Apollo 11
landed on the moon.

For the first time in history, a human landed on
the moon. Neil Armstrong of the United States
stepped down on the moon and stated, “That’s
one small step for a man, one giant leap for
mankind.”



35AIR AND FLIGHT

1977: Gossamer series of human-powered 
aircraft

Inventor Paul MacCready of the United States used
balsa wood, cardboard, Mylar plastic, and piano
wire to construct a plane with a 29 m wingspan
with a mass of only 32 kg! It was powered by a 
single pedal-driven propeller, and was steered by
twisting the wing tips. The aircraft was called the
Gossamer Condor. It made history by flying the 
1.6 km, figure-8 route at an altitude of about 3 m
and a speed of 10 km/h. This was the first time this
had been done. The next year, a similar craft called
the Gossamer Albatross flew across the English
Channel.

April 12, 1981: The American Space Shuttle
Columbia was launched.

The space shuttle became the first spacecraft to be
reusable. After launching, the shuttle can orbit
Earth and return to land. It can then be prepared
for another mission. 
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Now you know about some of the major
events in the history of flight and space 
travel. Create a time line to record these
dates. 

Canadians, too, played a very 
important role in flight and space. Many 
of these events are contained on a simulated
database on the next page. 

A database is a computer program that stores
information and allows you to retrieve 
information as you need it. When you look
for information on a database, you do what is
called a search or query. You may have used
a database at your school or local library.
Knowing how to retrieve information from a
database is an important skill. To practise
this skill, use the following “paper database.”

The database is set up like a chart or table.
The table has rows that run horizontally and
columns that run vertically. Where a row 
and column meet is called a cell. Each cell
contains a piece of information. For example,
what information is in the cell for the row 4
and the column labelled “Date?” If you said
Feb. 23, 1909, you’re right. A row of cells is
also called a record.

Use the Canadian History of Flight and 
Space Travel database on the next page.
Answer the following questions.

1. How many records would you get if you
searched for any person or object from the
1800s?

2. How many persons or objects start with
the letter A?

3. If you wanted a list of inventions, what
column would you search?

4. What was developed in 1957?

5. If you searched the database using the
word “plane,” how many records would
you get?

You can now begin to appreciate the value
of a database program on a computer.
Each of these searches can be done very
quickly. 

6. Add the dates from the History of Flight
and Space Travel database to the time line
you already created.

1. Collect information to make a poster of
one person or event. You can use the 
information in this database, or find 
information about Canadian events or 
people involved in flight and space from
other sources. Your poster should identify
the event, the people involved, when it
occurred, where it occurred, and why it
was important. Be creative in your 
presentation. You could make the poster
electronically or use art supplies.

2. Create a Canadian History of Flight 
and Space Travel Wall of Fame in your 
classroom. Display your completed poster
on the Wall.

If Time Allows
Find five more important events in the

history of flight and space travel to add to
your time line.

PresentWrite
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Record #

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Person or Object

“Star of the East”

James E. Fraser

“The Flying Sausage”

John A.D. McCurdy

W.W. Gibson

W.R. Turnbull

Elizabeth “Elsie” 
MacGill

W.R. Franks

John Orr and 
T.R. Griffith

Harry Stevinson

Black Brant Rocket

Alouette I

Anik I

Dr. Marc Garneau

Date

Aug. 10, 
1840

1895

July 1906

Feb. 23, 
1909

1910

1922

Oct. 31,
1939

1940

1941

1957

1959

Sept. 29, 
1962

Nov. 9, 
1972

1984

Event Description

First recorded flight in Canada at Saint 
John, New Brunswick 

First Canadian patent for a flying machine

First power-driven plane to be flown in 
Canada, at Dominion Park, Montreal

First Canadian-designed plane flown at 
Baddeck Bay, Cape Breton

First air-cooled engine in a plane flown 
at Victoria, British Columbia. Plane 
travelled 60 m.

Invents variable pitch propeller for safer 
and more efficient flying

First woman aircraft designer in the 
world. Her Maple Leaf Trainer was the 
first plane to be completely designed 
by a woman. Tested on this date.

Invents G-suit, designed to prevent 
pilots from passing out when they fly 
their planes

Invent de-icer for propellers by placing 
heating wires encased in rubber on 
propeller

Crash Position Indicator developed to 
send out an electronic signal in the 
event of a plane accident

First Canadian-made rocket launched 
to conduct low altitude research

Canada’s first scientific satellite launched 

Canada’s first communications satellite 
launched

First Canadian in space
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12 Flight Just Above the
Ground: The Hovercraft

Spacecraft and airplanes can fly many kilometres from Earth. Is it 
possible to fly only centimetres from Earth? You bet. A vehicle called 
a Hovercraft achieves this type of flight. 

The idea for a Hovercraft started with a hair dryer and two coffee tins. 
In the early 1950s, British engineer Sir Christopher Cockerell was trying 
to reduce the drag boats experience when they travel through water. He
thought if boats could “float” on a cushion of air just above the water, the
drag would be reduced. His hair dryer and coffee tin model worked and
the development of the Hovercraft began. Today, a Hovercraft can hold
up to 60 cars and 418 passengers. 

Hovercraft are also used by the Canadian Coast Guard for access to remote locations along the ocean coast. 

In this activity, you will learn more about
thrust and aerodynamics by building and
testing a model Hovercraft. You will 
experiment to see if you can get your model
to travel equally well on land and water.

Materials for each group:
old CD (or disk cut from a plastic 

container lid or Styrofoam tray)

thread spool scissors

electrical tape balloon

clothes pin pennies
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Procedure
Tape an empty thread spool to a CD 
(or other disk with hole cut in centre).
Make sure you line up the holes.

Inflate the balloon. Make sure to leave
enough room to twist the balloon
closed. Seal it with a clothes pin. Pull
the mouth of the balloon over the spool.
Be careful not to let any air out. 

Release the clothes pin. Observe your
Hovercraft. Describe how it flies.

Will your Hovercraft fly on all types of
surfaces?

Modify your Hovercraft to carry a pay-
load of pennies. What is the maximum
load your Hovercraft can carry?

If Time Allows

1. What forces are at work to make the
Hovercraft fly?

2. What would make the Hovercraft fly for
longer periods of time?

3. What does this teach you about how real
Hovercraft work?

4. Why is a Hovercraft a useful vehicle? Why
does the Coast Guard use Hovercraft?

5. Were you surprised by any of your findings
when experimenting with your
Hovercraft?

6. a. What special features are unique to 
the Hovercraft? the hot-air balloon? 
the airplane?

b. Write a story of a trip you could take
that requires you to travel in all three
flying devices.

WriteDiscuss

Try to solve these Hovercraft 
challenges.

• How can you make your Hovercraft fly
for a longer time? 

• Experiment with designs and other
container lids to build a better
Hovercraft. 

• How can you change your design so
that your Hovercraft will fly on water?

• How can you change your design so
that your Hovercraft moves in a 
particular direction?

balloon

spoolCD
tape

5

4

3

2

1

Your spool may have a paper 
covering on the top and the bottom.

Do not remove the paper. Use a pencil to
carefully punch out the centre hole.
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Dear Student,

This letter is to inform you about the upcoming annual Air Vehicle

Olympics. Each year we have submissions from all over Canada. 

We are always impressed with the science abilities of grade 6 

students. 

Here are the guidelines for the contest. You must design, 

construct, and present a transportation device that uses air to

move. Your design can be done on paper or using the computer.

It must identify clearly how air is used and describe any special

features that make the design unique. Your model should be able

to move at least 30 cm under air power. In your presentation,

you must describe how the model operates.

If you have any further questions, check with your teacher.

Sincerely,

The Air Vehicle Olympics Committee

Get Started 

You have just received a letter from the Air Vehicle

Olympics Committee. Are you up for the challenge? To get

you started, you will need to brainstorm a variety of 

possibilities. Make an air vehicle place mat for your group

using chart paper. Each person has a section of the place

mat. In three minutes write down anything that comes 

to mind that has to do with the words air, vehicle, or

transportation. After three minutes, share your lists within

the group. Circle words that may help you describe a 

possible air vehicle. Share your list with the class. 

Make It Go

Design
Project

Brenda Wells
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With your group, discuss what kind of air-
powered vehicle you will design. Remember
that as you design the vehicle, there will be
many changes. This is part of the design 
process. You try an idea to see if it works. If it
doesn’t, you need to think of another solution. 

Materials for each group:
chart paper scraps of wood

glue cardboard

scissors elastic bands

coloured pencils and felt pens

various sizes of plastic tubing

various sizes of syringes without 
the needles

various types of wire

various types of fasteners

anything else you think may be useful
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Design
Project

Procedure
Draw a rough sketch of your design.
Label all the parts.

Ask your teacher to review your design
and to make suggestions. Make any 
necessary changes.

Gather the materials. Build a model of
your design. 

1. Present your model to your classmates.
Describe your design. Demonstrate how
your air vehicle operates. Don’t forget to
identify any special features you have
incorporated in the design. 

2. Suggest how you could improve your air
vehicle. 

DiscussPresent

3

2

1
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Get Started
Now it’s time to show how much you have learned about air
and flight. Read over what your tasks are, and talk to your
teacher if you are unclear about 
what to do.

Demonstrate 
What You Know

Work On It

In most cities traffic is a real problem. People
must leave their homes extra early to arrive
at their destinations on time. Did you know
that a Canadian-born inventor named Paul
Moller invented the first car that flies? His
car is still undergoing tests, but maybe one
day you will be able to drive a car that flies!
Your task is to invent a car of the future. This
car will fly 30 storeys above the ground.
Design your car on paper, making sure to
label all parts. You will present your design
and a description of how your car flies to the
class. Make sure to think about the 
following:

Q What environmental concerns do you
have?

Q Would your car run on fuel?

Q Would your car have a special built-in 
computer device so it would avoid 
crashing into buildings?

Q How would you get to your destination?

Q Where would your car land?

Q Do you think this will help the traffic 
situation?

Now check your work.

My description about how my car is
able to fly is clear.

My work contains a labelled diagram
and a description. 

My description uses the words thrust,
lift, and drag. 

How my car will function in the real
world and its impact are clearly
explained.

Review
U n i t  2
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Review
U n i t  2

Communicate 
Now it’s time to think about how well you did. Use this chart to help you score your work.
Four stars is the highest score for each.

1 Star 2 Stars 3 Stars 4 Stars

• How much do you know about air and flight? Look at your description of your car. 
Does your work show you know

A little about air Some information A lot of information All about
and flight about air and flight about air and flight air and flight?

• Look at the design of your car. Does your work show you have applied

A few of the skills Some of the skills Most of the skills All of the 
learned in this unit learned in this unit learned in this unit skills learned

in this unit?

• Now look again at your descriptions. Will they be clear and precise to a reader?

Not very clear or Somewhat clear Mostly clear Very clear 
precise and precise and precise and precise

• When you designed your car you had to consider how it would fly and what impact it
would have on society. How well do you think you understood what was asked of you?
Look at your description of how your car will function in the real world. Do you think it
shows 

Not much Some A good A complete
understanding understanding understanding understanding?

Write a short note explaining how well you think you did.
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What did you learn about 
air and flight?
1. Give an example of hot air rising to create

lift. Explain why this happens.

2. Describe which property of air is being
demonstrated. 

a. An empty balloon has a mass of 2.25 g.
An inflated balloon has a mass of 3.10 g.

b. You can’t drink your juice because
there is a hole in the straw. 

3. State Bernoulli’s Principle in your own
words.

4. Identify two everyday situations or 
products that illustrate Bernoulli’s
Principle. 

5. Describe the four forces acting on flying
devices.

6. How can drag be reduced when:

a. walking

b. taking part in sports

c. flying a plane?

7. In order to fly, a plane needs enough lift
to overcome what?

8. Name two Canadians who have 
contributed to the science and 
technology of aircraft and describe their
inventions.

9. What did you learn about thrust and 
aerodynamics when you built and tested
your model Hovercraft?

10. Describe three safety precautions you
practised when learning about air and
flight.

11. Think of two different types of flying
devices you have learned about.

a. Draw a Venn Diagram to show the
similarities and differences in their
designs. 

b. Explain how their differences allow
them to move through the air.

pin

straw

Explain
Your Stuff
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Review
U n i t  2

1. List three things you didn’t know before
this unit started.

2. Describe what you liked best in this unit.

3. Give yourself a pat on the back! What did
you do well in this unit?

4. List three questions you still have about
air and flight.

Now you know a lot about air
and flight! Here are some of
the things you have learned:

• Air has mass, takes up space, and exerts
pressure.

• Air moving over an object creates a force
called lift.

• Gravity is a force that results from masses
being attracted to other masses.

• The force of gravity depends on mass; it
does not depend on air.

• In any natural situation, a region of higher
pressure will move or expand into a region
of lower pressure.

• Bernoulli’s Principle states that moving air
exerts less pressure than stationary air. So
wherever air moves faster, air pressure is
lower.

• There are four forces acting on flying
objects: drag is the force that slows it
down; gravity is the force that pulls it
toward Earth; thrust is the force that
moves it forward; and lift is the force that
keeps it in the air.

• Canadians have played an important role
in the history of air and space travel.

• Many different objects can fly. Hovercraft
fly centimetres from Earth whereas 
spacecraft fly millions of kilometres from
Earth.

How Did
You Do?
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aerodynamics the study of air in motion

Bernoulli’s Principle states that the faster a
fluid or gas travels, the lower its pressure; named
for Swiss mathematician Daniel Bernoulli

compress to squeeze or squash

database a computer program that stores
information and allows you to retrieve informa-
tion as you need it

drag a force that slows down or prevents the
motion of objects in air or water

fair test an investigation carried out under 
controlled conditions. In a fair test, all variables
are controlled except the one under investigation.

fuselage the body of an aircraft that holds 
passengers or cargo

gravity a force that attracts all objects on Earth
toward the ground; results from masses being
attracted to other masses

Hovercraft a vehicle that travels on a cushion
of air over land or water

insulate to prevent heat loss

lift a force that causes something to rise

payload the load carried by an aircraft or
spacecraft

pitch the up-and-down movement of the nose 
of a plane

pressure the force exerted by one thing on
another

propel drive or push an object forward

roll a motion where one wing tip moves up
while the other wing tip moves down

struts supporting bars or braces

tether lines the pieces of string or rope used to
hold a balloon until ready to take off

thrust the force exerted by a rocket or jet
engine that moves something forward

variable anything in an investigation that can
be changed

yaw the side-to-side movement of the nose of 
a plane

Glossary
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