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4 Bernoulli’s 
Principle

Objectives
After this lesson, students will be able to
M.3.4.1 Use Bernoulli’s principle to explain 
how fluid pressure is related to the motion of 
a fluid.
M.3.4.2 List some applications of 
Bernoulli’s principle.

Target Reading Skill
Identifying Main Ideas Explain that 
identifying main ideas and details helps 
students sort the facts from the information 
into groups. Each group can have a main 
topic, subtopics, and details.

Answers
Sample answer:
Main Idea:  Bernoulli’s principle is a factor 
that helps explain…
Detail: how airplanes fly
Detail: why smoke rises up a chimney
Detail: how an atomizer works

Teaching Resources

• Transparency M32

Preteach

Build Background 
Knowledge
Paper Airplanes
Fold a sheet of notebook paper to make a 
simple paper airplane. Launch the airplane 
away from students. Tell students that in this 
section they will learn how an object that 
weighs more than air can fly.

L2

Skills Focus Inferring

Materials sheet of notebook paper

Time 10 minutes

Tips Be sure students hold only the 
corners of the paper.

L1 Think It Over Sample answer: The 
pressure is lower above the paper. Because 
the paper rises, the force on the bottom 
of the paper must be higher than the force 
on the top of the paper.

4 Bernoulli’s Principle

Does the Movement of Air 
Affect Pressure?
1. Use your thumb and forefinger to hold 

a sheet of paper by the corners.
2. Hold the paper just below your mouth, 

so that its edge is horizontal and the 
paper hangs down.

3. Blow across the top of the paper.
4. Repeat this several times, blowing 

harder each time.

Think It Over
Inferring  On what side of the paper is the 
pressure lower? How do you know?

Reading Preview
Key Concepts
• According to Bernoulli’s principle, 

how is fluid pressure related to 
the motion of a fluid?

• What are some applications of 
Bernoulli’s principle?

Key Terms
• Bernoulli’s principle
• lift   

Target Reading Skill
Identifying Main Ideas  As you 
read the Applying Bernoulli’s 
Principle section, write the main 
idea in a graphic organizer like the 
one below. Then write three 
supporting details that give 
examples of the main idea.

In December 1903, Wilbur and Orville Wright brought an odd-
looking vehicle to a deserted beach in Kitty Hawk, North Caro-
lina. People had flown in balloons for more than a hundred
years, but the Wright brothers’ goal was something no one had
ever done before. They flew a plane that was heavier (denser)
than air! They had spent years experimenting with different
wing shapes and surfaces, and they had carefully studied the
flight of birds. Their first flight at Kitty Hawk lasted just 12 sec-
onds. The plane flew more than 36 meters and made history.

What did the Wright brothers know about
flying that allowed them to construct the first
airplane? And how can the principles they used
explain how a jet can fly across the country?
The answer has to do with fluid pressure and
what happens when a fluid moves.

�  On December 17, 1903, the 
Wright brothers’ plane Flyer   
flew for the first time.  

Bernoulli’s principle is a factor that
helps explain . . .

Main Idea

Detail Detail Detail
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Instruct

Pressure and Moving 
Fluids

Teach Key Concepts
Observing Bernoulli’s Principle
Focus Remind students that both liquids 
and gases are fluids. Tell students that 
Bernoulli’s principle applies to any fluid 
in motion.

Teach Direct students’ attention to 
Figure 17. Ask: Is the fluid between the cans 
moving more quickly or more slowly than 
the air on the opposite sides of the cans? 
(More quickly) How does the movement of 
the air between the cans affect the pressure 
between the cans? (As the speed of the air 
increases, the pressure decreases)

Apply Ask: How does Bernoulli’s principle 
explain how a drinking straw works? 
(When you sip on a straw, an area of low 
pressure forms above the liquid. The liquid 
rises because of the low pressure above it.) 
learning modality: logical/mathematical

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: 
Bernoulli’s Principle

 

Student Edition on Audio CD

L2

L2

Skills Focus Developing hypotheses

Materials plastic spoon, faucet

Time 10 minutes

Tips Have students write down their 
predictions before they begin. Remind 
students to hold the back of the spoon 
facing the stream of water.

Expected Outcome The spoon will 
move toward the stream of water. Sample 

L2 answer: The spoon moved toward the 
stream of water because the moving water 
caused the pressure to be lower on the 
back of the spoon.

Extend Have students predict what would 
happen if they performed the experiment 
using a plastic fork rather than a spoon. 
Have students test their predictions. 
learning modality: kinesthetic

High pressureHigh pressure

Low pressure

Pressure and Moving Fluids
So far in this chapter, you have learned about fluids that are not
moving. What makes a fluid flow? And what happens to fluid
pressure when a fluid moves?

Fluid Motion  A fluid naturally flows from an area of high
pressure to an area of low pressure. This happens, for example,
when you sip a drink from a straw. When you start to sip, you
remove the air from the straw. This creates an area of low pres-
sure in the straw. The higher air pressure pushing down on the
surface of your drink forces the drink up into the straw.

What Is Bernoulli’s Principle?  In the 1700s, Swiss scientist
Daniel Bernoulli (bur NOO lee) discovered that the pressure of a
moving fluid is different than the pressure of a fluid at rest.
Bernoulli’s principle states that the faster a fluid moves, the less
pressure the fluid exerts.

If you did the Discover Activity, you saw that air moving
over the paper caused the paper to rise. Bernoulli’s principle
explains the behavior of the paper. Bernoulli’s principle states
that as the speed of a moving fluid increases, the pressure
within the fluid decreases. The air above the paper moves, but
the air below the paper does not. The moving air exerts less
pressure than the still air. As a result, the still air exerts greater
pressure on the bottom of the paper, pushing the paper up.

What is Bernoulli’s principle?

Faucet Force
1. Hold a plastic spoon 

loosely by the edges of its 
handle so it swings freely 
between your fingers.

2. Turn on a faucet to 
produce a steady stream of 
water. Predict what will 
happen if you touch the 
bottom of the spoon to 
the stream of water.

3. Test your prediction. 
Repeat the test several 
times.

Developing Hypotheses  Use 
your observations to develop 
a hypothesis explaining why 
the spoon moved as it did.

FIGURE 17
Making Air Move  
Blowing air quickly between 
two cans lowers the air 
pressure between them. 
Higher pressure exerted by the 
still air to either side pushes 
the cans toward each other.  
Relating Cause and Effect  
How does the flowing air 
affect the air pressure around 
the two cans?
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Differentiated Instruction

Applying Bernoulli’s 
Principle

Teach Key Concepts
Bernoulli’s Principle at Work
Focus Ask for a volunteer to state 
Bernoulli’s principle. Tell students that 
Bernoulli’s principle explains many everyday 
occurrences.

Teach For each application of Bernoulli’s 
principle shown in Figures 18–21 (airplane, 
atomizer, chimney, flying disk), have a 
volunteer explain, in his or her own words, 
how the object demonstrates Bernoulli’s 
principle.

Apply The spoiler on the back of a race car 
is shaped like an upside-down wing. It is 
positioned above the rear tires. Ask: What 
does the spoiler do to the pressure on the 
rear wheels? (It increases the pressure on the 
rear wheels.) learning modality: logical/
mathematical

For: Links on 
Bernoulli’s principle
Visit: www.SciLinks.org
Web Code: scn-1334

Download a worksheet that will guide students’ 
review of Internet sources on Bernoulli’s principle.

Teaching Resources

• Transparency M33

L2

English Learners/Beginning
Comprehension: Ask Questions
Distribute a rewritten, simplified version 
of the information under the heading 
Applying Bernoulli’s Principle. Read the 
modified version of the information aloud 
while students follow along silently. Then 
ask questions that can be answered 
verbally. For example: Does air move more 
quickly over the top or the bottom of an 

L1 airplane wing? (Top). learning modality: 
verbal

English Learners/Intermediate
Comprehension: Ask Questions Have 
students independently read the modified 
text prepared for the Beginning activity. 
Then, have the students write the answers 
to the questions used in the Beginning 
activity. Call on students to read their 
answers aloud. learning modality: verbal

L2

Monitor Progress L2

Writing Have students write a paragraph 
that explains three examples of Bernoulli’s 
principle.

Answers
Figure 18 Because the air moves faster 
above the wing than below it

The faster a fluid moves, the 
less pressure the fluid exerts.

Lift

Air moves faster 
above the wing, 
creating an area 
of lower pressure.

Path of air
Key

Applying Bernoulli’s Principle
The Wright brothers understood Bernoulli’s principle. They
used it when they designed and built their plane. Bernoulli’s
principle helps explain how planes fly. It also helps explain
why smoke rises up a chimney, how an atomizer works, and
how a flying disk glides through the air.

Objects in Flight  Bernoulli’s principle is one factor that
helps explain flight—from a small kite to a huge airplane.
Objects can be designed so that their shapes cause air to move
at different speeds above and below them. If the air moves
faster above the object, fluid pressure pushes the object
upward. If the air moves faster below the object, fluid pressure
pushes it downward.

The wing of an airplane is designed to produce lift, or an
upward force. Look at Figure 18 to see the design of a wing.
Both the slant and the shape of the wing are sources of lift.
Because the wing is slanted, the air that hits it is forced down-
ward as the plane moves. The air exerts an equal and opposite
force on the wing and pushes it upward. This upward force
helps an airplane to take off.

The curved shape of a wing also gives an airplane lift.
Because the top of the wing is curved, air moving over the top
has a greater speed than air moving under the bottom. As a
result, the air moving over the top exerts less pressure than the
air below. The difference in air pressure above and below the
wing creates lift.

FIGURE 18
Airplane Wing  
An airplane wing is designed to produce 
an upward force for a plane in flight.  
Interpreting Diagrams  Why is the 
pressure lower above the wing?

For:  Links on Bernoulli’s principle
Visit: www.SciLinks.org
Web Code: scn-1334
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Differentiated Instruction

Objects in Flight

Materials craft sticks, masking tape, thin 
dowels, tissue paper, string

Time 20 minutes

Focus Have the students review the 
information about Bernoulli’s principle and 
airplane wings.

Teach Have small groups design and build 
airplanes or gliders. Assign each student a 
task such as designer, assembler, and flight 
analyst. Allow students to test their designs 
outdoors. Challenge students to explain how 
the design of the plane or glider causes air to 
move more quickly over the top.

Apply After students have tested and 
designed their airplanes, Ask: What design 
modifications did you make? (Sample 
answer: We changed the angle of the wing.) 
How did your modification affect the 
plane’s flight? (Sample answer: It flew longer 
after the modification.) How did your design 
modification apply Bernoulli’s principle? 
(The changed angle of the wing allowed air to 
flow more quickly over the top of the wing, 
increasing the lift.) learning modality: 
logical/mathematical

Help Students Read
Relating Cause and Effect Explain that 
cause is the reason for what happens. The 
effect is what happens because of the cause. 
Have students explain Bernoulli’s principle 
in terms of cause and effect. (Sample answer: 
Increased speed of a moving fluid is the cause; 
decreased pressure within the fluid is the 
effect.)

L2

L1

Less Proficient Readers
Using Visuals Have students review the 
figures in the section Bernoulli’s Principle. 
As students look at each figure, ask the 
caption question aloud. Have students 
answer the caption question aloud. 
learning modality: visual

L1 Gifted and Talented
Demonstrating Bernoulli’s Principle
Have students develop a lesson plan and 
demonstration that could be used to teach 
Bernoulli’s principle to elementary school 
students. After students have completed 
their preparations, arrange for them to visit 
an elementary school to teach their 
prepared lessons. learning modality: 
logical/mathematical

L3

The difference in 
pressure between 
the top and bottom 
of the tube draws 
the perfume upward.

Low pressure

High pressure

Direction of perfume

Direction of air

Tube

FIGURE 19
Perfume Atomizer  
An atomizer is an application 
of Bernoulli’s principle.  
Applying Concepts  Why is 
the perfume pushed up and 
out of the flask?

Direction
of smoke

Higher
pressure

area

Lower pressure area

Direction of wind

The difference in air 
pressure between 
the top and bottom 
of the chimney helps 
keep air moving 
upward.

Wind blowing across 
the top of a chimney 
creates an area of 
low pressure. 

FIGURE 20
Chimney  
Thanks in part to Bernoulli’s principle, you 
can enjoy an evening by a warm fireplace 
without the room filling up with smoke.  
Making Generalizations  Why does the 
smoke rise up the chimney?

Atomizers  Bernoulli’s principle can help you under-
stand how the perfume atomizer shown in Figure 19
works. When you squeeze the rubber bulb, air moves
quickly past the top of the tube. The moving air lowers
the pressure at the top of the tube. The greater pressure in
the flask pushes the liquid up into the tube. The air
stream breaks the liquid into small drops, and the liquid
comes out as a fine mist. In a similar way, pressure differ-
ences in the carburetors of older gasoline engines push
gasoline up a tube. There, the gasoline combines with air
to create the mixture of air and fuel that runs the engine.

Chimneys  You can sit next to a fire-
place enjoying a cozy fire thanks in part
to Bernoulli’s principle. Smoke rises up
the chimney partly because hot air rises,
and partly because it is pushed. Wind
blowing across the top of a chimney low-
ers the air pressure there. The higher
pressure at the bottom pushes air and
smoke up the chimney. Smoke will rise
faster in a chimney on a windy day than
on a calm day.

How does an atomizer 
work?



Monitor Progress L2

Answers
Figure 19 Squeezing the bulb moves air 
through the top of the tube, lowering the 
pressure there. The higher pressure at the 
bottom of the tube pushes perfume up the 
tube and into the stream of air moving out 
of the tube.
Figure 20 Partly because hot air rises, and 
partly because wind lowers the pressure 
above the chimney, and higher air pressure 
at the bottom of the chimney pushes air and 
smoke upward
Figure 21 A flying disk spins as it moves 
through the air; an airplane wing does not.

Squeezing an atomizer’s
bulb creates a difference in

pressure between the top and bottom of its 
tube, which draws perfume upwards.

Assess

Reviewing Key Concepts
1.  a. Unequal pressure makes fluids flow.  
b. The faster a fluid moves, the less pressure 
it exerts.  c. The truck pulls air along with it, 
causing the air between the two vehicles to 
move faster than the air on the other side of 
the car. The greater pressure on the side of 
the car away from the truck pushes the car 
toward the truck.
2.  a. Airplane wings, atomizers, chimneys, 
flying disks  b. As the airplane travels 
through the air, the wing’s shape causes air 
above the wing to move faster than air below 
the wing. The result is that air pressure above 
the wing is lower than air pressure below the 
wing. This causes a net upward force, or lift, 
that allows the plane to fly.  c. Wind blowing 
over the roof exerts less pressure than the still 
air inside the house. The greater pressure 
inside the house pushes the roof upward.

Performance Assessment
Writing Native Americans of many 
different tribes have built dwellings that use 
a hole in the roof to allow smoke to escape. 
Have students write a paragraph using 
Bernoulli’s principle to explain how this 
works. They should include a prediction of 
whether the smoke outlet works better with 
no wind or with wind.

L2

Paper Chimney Students should 
base their explanations on Bernoulli’s 
principle. They should describe how fast-
moving air lowers the pressure above the 
cup just as moving air lowers the pressure 
above a chimney. Students also should 
point out that higher pressure inside the cup 
pushes pieces of tissue out of the cup the 
same way that higher pressure at the bottom 
of a chimney pushes smoke up the chimney.

L2 Teaching Resources

• Section Summary: Bernoulli’s Principle
• Review and Reinforce: Bernoulli’s Principle
• Enrich: Bernoulli’s Principle

Lift

Path of air
Key

Section 4 Assessment

Target Reading Skill Identifying Main Ideas  Use your 
graphic organizer to help you answer Question 1 below.

Reviewing Key Concepts
1. a. Reviewing  What makes fluids flow?

b. Summarizing  What does Bernoulli’s principle say 
about the pressure exerted by a moving fluid?

c. Applying Concepts  You are riding in a car on a 
highway when a large truck speeds by you. Explain why 
your car is pushed toward the truck.

2. a. Listing  List four applications of Bernoulli’s principle.
b. Explaining  Why does the air pressure above an 

airplane wing differ from the pressure below it? How is 
this pressure difference involved in flight?

c. Relating Cause and Effect  How could strong winds 
from a hurricane blow the roof off a house?

Paper Chimney  With a family 
member, see how a chimney works 
by using a paper cup and a hair 
dryer. Cut up several small pieces of 
tissue and place them in the 
bottom of a paper cup. Hold on to 
the paper cup with one hand. With 
your other hand, use the hair dryer 
to blow cool air across the top of 
the cup. Explain to your family 
member how Bernoulli’s principle 
explains how the chimney works.

FIGURE 21
Flying Disk
Like an airplane wing, a flying 
disk uses a curved upper surface 
to create lift.  Comparing and 
Contrasting  How does a flying 
disk differ from an airplane wing?

4

Flying Disks  Did you ever wonder what allows a flying disk
to glide through the air? The upper surface of a flying disk is
curved like an airplane wing. Bernoulli’s principle explains that
the faster-moving air following the disk’s curved upper surface
exerts less pressure than the slower-moving air beneath it. A
net force acts upward on the flying disk, creating lift. Tilting
the disk slightly toward you as you throw it also helps to keep it
in the air. A tilted disk pushes air down. The air exerts an equal
and opposite force on the disk, pushing it up. The spinning
motion of a flying disk keeps it stable as it flies.
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Background

Technology and 
Society

Helicopters
Key Concept
Helicopters have some advantages and some 
disadvantages when compared to airplanes.

Build Background Knowledge
Applying Bernoulli’s Principle
Remind students that Bernoulli’s principle 
explains how airplane wings work. Ask: How 
does Bernoulli’s principle relate to the 
rotating blades of a helicopter? (Air flowing 
over the top of the rotating blades reduces the 
air pressure on top of the blades, producing 
lift.)

Introduce the Debate
Explain that there are some differences 
between airplanes and helicopters. There are 
some applications for which helicopters are 
superior, and other applications for which 
airplanes are the best choice. Ask: What are 
some benefits of helicopters? (Sample 
answer: Helicopters can hover and land almost 
anywhere, helicopters can fly forward, 
backward, and sideways) What are some 
constraints of the use of helicopters? 
(Sample answer: Helicopters must refuel more 
often than airplanes; helicopters cannot carry 
large numbers of people)

Facilitate the Debate
• Have students read the feature and answer 

the Weigh the Impact questions using the 
information in the feature and the chapter. 
Allow students computer time to access 
information about the use of helicopters in 
national parks.

• After students have completed their 
research, divide the class into small 
groups. Have students discuss the 
information they located about helicopter 
missions in national parks.

• Divide the class into two groups. Have one 
group argue the positive aspects of using 
helicopters on national parks missions, 
and one group argue the negative aspects 
of using helicopters in national parks 
missions.

History of Science The ideas behind 
helicopter technology have been developed 
and refined over thousands of years. 
Ancient Chinese toys that launch a 
propeller into flight use some of the same 
principles as today’s helicopters. Leonardo 
Da Vinci drew up plans for a helicopter-like 

device in the late 1400’s, but it wasn’t until 
much later that the first helicopters were 
used. The technology of helicopters was the 
subject of intensive work in the 1920’s. It 
was the 1930’s before a truly functional and 
practical helicopter was developed.

As the main rotor spins, 
the reaction force pushes 
the helicopter’s body 
in the opposite direction. 
If not for the tail rotor,
the body would spin too.

 

Blades 
Air flows over the curved, 
rotating blades. Along with 
action and reaction forces, this 
helps to give the helicopter lift.

Main Rotor
The main rotor turns 
the blades and controls 
their angle.

Hand Controls and Foot Pedals
These controls are connected to the main rotor. 
The collective control guides the helicopter up or 
down. The cyclic control guides the helicopter 
forward, backward, or sideways. The foot pedals 
allow the helicopter to rotate in tight circles.

Helicopters
Most aircraft are like eagles—they take off 
majestically, glide among the clouds, and 
land with ease. But helicopters are the 
hummingbirds of aircraft. They can fly 
forward, backward, sideways, and up and 
down. They can stop abruptly and hover 
in midair. In fact, helicopters can fly 
circles around other types of aircraft.

Science in Action
On the top of a helicopter are large 
blades that turn rapidly. These blades 
are curved on top like the wings of an 
airplane. Air flowing over the 
curved blades helps cause lift—
the upward force for the 
helicopter—just as air flowing over 
wings helps cause lift for most 
airplanes. Action and reaction forces 
as described by Newton’s third law of 
motion also play a role in causing lift. 
As the tilted blades push down on the 
air, the air pushes up on the blade. 
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Weigh the Impact
1. Helicopters can hover and land at almost 
any location. Helicopters can fly forward, 
backward, sideways, and up and down.
2. Answers will vary depending on the 
chosen mission. Students’ responses should 
include information about the helicopter 
missions including, but not limited to, the 
mission’s difficulty, purpose, location, and 
outcome.
3. Students’ reports should include 
information about the advantages or 
disadvantages of helicopters as a support for 
their opinion.

For: More on 
helicopters
Visit: PHSchool.com
Web Code: cgh-3030

Students can research this issue online.

Extend
Encourage interested students to investigate 
the use of helicopters for various 
applications in their home state or city. 
Possible areas of research include medical 
emergency flights, traffic reporting, use in 
law enforcement, and military applications. 
Students can research the type of helicopter 
used and the reasons a helicopter is a good 
choice for that particular application. Have 
students report their findings to the class.

 

Path of air

Lift

Air flowing 
over the 
curved blades 
helps create 
lift.

Tail Rotor

The force of the tail rotor 
prevents the helicopter’s 
body from spinning by 
pushing against the reaction 
force of the main rotor.

Engine
The engine gives the main 
rotor power to spin the blades.

The Aircraft of Choice—Or Not?
Helicopters can hover and land nearly anywhere. So 
they are often the aircraft of choice in emergency 
situations. They are used in search and rescue missions, 
in fighting forest fires, and in speeding injured people 
to the hospital. Construction companies also use 
helicopters to raise heavy equipment. 

Despite these benefits, there are constraints to 
using helicopters. Compared to an airplane, a 
helicopter must refuel more often and can remain in 
the air for less time. Another constraint is that a 
helicopter cannot transport heavy equipment over long 
distances or carry large numbers of people.

1. Identify the Need
What advantages do helicopters have over 
airplanes?

2. Research
Using the Internet, research how helicopters 
are used in national parks, such as Yellowstone 
National Park. Choose one helicopter mission. 
Make notes on the mission’s difficulty level, 
purpose, location, procedures, and outcome. 

3. Write
Suppose you are a park ranger. Use your notes 
to write a report to your supervisor explaining 
why a helicopter was or was not the best 
technology to use for this mission.

For: More on helicopters
Visit: PHSchool.com
Web Code: cgh-3030
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