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1 

 

The Science 
of Rockets

 

Objectives

 

After this lesson, students will be able to

 

J.2.1.1

 

Explain how rockets were developed.

 

J.2.1.2

 

Demonstrate how a rocket works.

 

J.2.1.3

 

Identify the main advantage of a 
multistage rocket.

Target Reading Skill

 

Using Prior Knowledge

 

Explain that using 
prior knowledge helps students connect 
what they already know to what they are 
about to read.

 

Answers

 

Possible answers include the following:

 

What You Know

 

1.

 

Rockets were used to help transport 
astronauts to the moon.

 

2.

 

Rockets burn fuel.

 

3.

 

Rockets must move at high speeds to 
escape the force of gravity.

 

What You Learned

 

1.

 

The first rockets were made in China in 
the 1100s.

 

2.

 

Burning fuel creates thrust—the reaction 
force that propels a rocket forward.

 

3.

 

The escape velocity a rocket needs to 
leave Earth’s gravitational pull is about 
40,200 kilometers per hour.

Teaching Resources

 

•

 

Transparency J15

Preteach

 

Build Background 
Knowledge

 

Spacecraft Launches

 

Many students will have watched rockets 
being launched in news specials, 
documentaries, or movies. Invite students 
to describe what happens when a rocket is 
launched. Ask them to consider the motion 
of the rocket in their responses. 

 

(Possible 
answer: Engines are fired, large clouds of gas 
come from the rocket boosters, and then the 
rocket or space shuttle pulls away from Earth.)

L2

 

Skills Focus

 

inferring

 

Materials

 

safety goggles, balloon

 

Time

 

10 minutes

 

Tips

 

Remind students to blow up the 
balloons to the same size each time so that 
they can compare their results.

 

Expected Outcome

 

The balloon will 
move across the room in both trials.

 

Think It Over

 

Air rushed out of the 
balloon. The balloon moved in the direc-
tion opposite that of the rushing air. 
Action-reaction forces made the balloon 
move. The position of the free hand did 
not affect the balloon’s movement.

Integrating Physics

1 The Science of Rockets

What Force Moves a Balloon?
1. Put on your goggles. Blow up a 

balloon and hold its neck closed with 
your fingers.

2. Point the far end of the balloon in a 
direction where there are no people. 
Put your free hand behind the 
balloon’s neck, so you will be able to 
feel the force of the air from the 
balloon on your hand. Let go of the 
balloon. Observe what happens.

3. Repeat Steps 1 and 2 without your free hand behind the neck 
of the balloon.

Think It Over
Inferring What happened when you let go of the balloon? 
Which direction did the balloon move in comparison to the 
direction the air moved out of the balloon? What force do you 
think caused the balloon to move in that direction? Did the 
position of your free hand affect the balloon’s movement?

Reading Preview
Key Concepts
• How were rockets developed?

• How does a rocket work?

• What is the main advantage of a 
multistage rocket?

Key Terms
• rocket   • thrust   • velocity   
• orbital velocity   • escape velocity

Target Reading Skill
Using Prior Knowledge Before
you read, write what you know 
about rockets in a graphic 
organizer like the one below. As 
you read, write what you learn.

People have dreamed of traveling through space for centuries.
Although the moons and planets of our solar system are much
closer than the stars, they are still very far away. How could
someone travel such great distances through space?

In the 1860s, the science fiction
writer Jules Verne envisioned a space-
craft shot to the moon out of a huge
cannon. When people finally did
travel to the moon, though, they
used rockets rather than cannons.
Although Verne was wrong about
how humans would reach the
moon, he did anticipate many
aspects of the space program. By the
late 1900s, rocket-powered spacecraft
were able to travel to the moon and to
many other places in the solar system.

FIGURE 1
Jules Verne’s Spacecraft
Jules Verne imagined that a 
spacecraft and crew were shot 
to the moon by a cannon.

What You Know

1. Rockets were used to help
transport astronauts to the moon.

2.

What You Learned

1.
2.
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Differentiated Instruction

Instruct

 

A History of Rockets

 

Teach Key Concepts

 

Rocket Timeline

 

Focus

 

Remind students that modern 
technology often builds or improves on 
earlier inventions.

 

Teach

 

Ask: 

 

Who developed the first 
rockets?

 

 (The Chinese)

 

 When were modern 
rockets first developed? 

 

(In the early 1900s)

 

 
What have rockets been used for?

 

 (Military 
functions, such as carrying explosives; civilian 
uses, such as launching spacecraft and 
fireworks)

 

Apply

 

Have each student make a timeline 
that shows the history of the development of 
rockets. The timeline should begin in the 
1100s and continue into the 1970s. Have 
students add captions to the timeline. An 
example of a caption might be 

 

British troops 
use rockets against American troops in the War 
of 1812

 

.

 

learning modality: logical/
mathematical

 

Independent Practice
Teaching Resources

 

•

 

Guided Reading and Study Worksheet: 

 

The Science of Rockets

 

 

 

Student Edition on Audio CD

L2

L2

 

English Learners/Beginning

 

Comprehension: Ask Questions

 

Write 
and provide students with a simplified 
version of the text on this page. Ask simple 
questions that can be answered directly 
from the rewritten text. If necessary, point 
out the answers in the rewritten text. Read 
the answers aloud with students.

 

learning 
modality: verbal

 

English Learners/Intermediate

 

Comprehension: Ask Questions

 

Give 
students copies of the rewritten text from 
this page. Have them develop their own 
questions, including any concepts that are 
unclear to them. Then ask additional 
questions to check for understanding. For 
example, you might ask: 

 

How did World 
War II contribute to the development of 
rockets?

 

learning modality: verbal

Monitor Progress L1

 

Writing

 

Have each student write a 
paragraph explaining this statement: In 
a sense, the development of spacecraft 
began with the launching of simple rockets 
in the 1100s.

 

Answer

 

Konstantin Tsiolkovsky,
Robert Goddard, and 

Wernher von Braun

L1 L2

FIGURE 2
Chinese Rockets
According to a Chinese legend, 
around 1500 an official named 
Wan-Hoo tried to fly to the moon 
by tying a number of rockets to his 
chair. The rockets exploded with a 
tremendous roar. Once the smoke 
cleared, there was no trace of 
Wan-Hoo or his chair.  

A History of Rockets
You’ve probably seen rockets at fireworks displays. As
the rockets moved skyward, you may have noticed a
fiery gas rushing out of the back. A rocket is a device
that expels gas in one direction to move in the oppo-
site direction. Rocket technology originated in
China hundreds of years ago and gradually spread
to other parts of the world. Rockets were developed
for military use as well as for fireworks.

Origins of Rockets The first rockets were made
in China in the 1100s. These early rockets were very
simple—they were arrows coated with a flammable
powder that were lighted and shot with bows. By
about 1200, the Chinese were using gunpowder
inside their rockets.

The British greatly improved rocketry in the early 1800s.
British ships used rockets against American troops in the War of
1812. The Star-Spangled Banner contains the words “the rockets’
red glare, the bombs bursting in air.” These words describe a
British rocket attack on Fort McHenry in Baltimore, Maryland.

Development of Modern Rockets  Modern rockets were
first developed in the early 1900s. They owe much of their
development to a few scientists. One was the Russian physicist
Konstantin Tsiolkovsky. In the early 1900s, Tsiolkovsky
described in scientific terms how rockets work and proposed
designs for advanced rockets. The American physicist Robert
Goddard also designed rockets. Beginning around 1915,
Goddard went a step further and built rockets to test his designs.

Rocket design made major advances during World War II.
Military rockets were used to carry explosives. The Germans
used a rocket called the V2 to destroy both military and civilian
targets. The V2 was a large rocket that could travel about
300 kilometers. The designer of the V2, Wernher von Braun,
came to the United States after the war was over. Von Braun
used his experience to direct the development of many rockets
used in the United States space program.

Name three scientists who contributed to the 
development of modern rockets.
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How Do Rockets Work?

 

Teach Key Concepts

 

Action/Reaction Forces

 

Focus

 

Have students examine Figure 3.

 

Teach

 

Ask: 

 

What action force is shown in 
the diagram? 

 

(The force of gas coming from 
the back of the rocket engine)

 

 What reaction 
force is shown?

 

 (The force making the rocket 
move in the opposite direction)

 

Apply

 

Tell students that the English scientist 
Isaac Newton developed the law of action and 
reaction, also known as Newton’s third law of 
motion. Have students brainstorm other 
examples of this law. They should classify the 
forces as action or reaction. 

 

(Possible answer: 
A person jumping down on a trampoline is an 
example of an action force. The force exerted by 
the trampoline that sends the person upward is 
an example of a reaction force.)

 

learning 
modality: visual

Teaching Resources

 

•

 

Transparency J16  

 

Help Students Read

 

Vocabulary Knowledge Rating Chart

 

Have students construct a chart with four 
columns labeled 

 

Term,

 

 

 

Can Define or Use It,

 

 

 

Have Heard or Seen It,

 

 and 

 

Don’t Know

 

 to 
rate their knowledge of each term. Ask 
students to share what they know about 

 

orbital velocity

 

 and other terms from this 
section. Help students establish a purpose 
for reading by having them use the terms to 
predict the text content. After students have 
read the section, have them re-rate 
themselves.

L3

 

Skills Focus

 

observing

 

Materials

 

plastic or paper cup, paper, 
tape, film canister with a lid that snaps on 
inside the canister, water, fizzing antacid 
tablet, safety goggles

 

Time

 

20 minutes

 

Tips

 

CAUTION:

 

Do not allow students to 
place sharp objects on the rocket.

 

Expected Outcome

 

The rocket will lift 
off and shoot 2 to 5 meters into the air. Gas 
pressure builds up inside the canister as a 
result of the reaction of the antacid and water. 
Pressure continues to build until the lid of the 
canister blows off and the rocket is launched.

 

Extend

 

Challenge students to design and 
launch rockets powered by two, three, or 
more film canisters.

 

learning modality: 
kinesthetic

Reaction Force The hot 
gases push the rocket 
upward.

1 Action Force The rocket 
pushes hot gas out of the 
engines.

2

How Do Rockets Work?
A rocket can be as small as your finger or as large as a sky-
scraper. An essential feature of any rocket, though, is that it
expels gas in one direction. A rocket moves forward when
gases shooting out the back of the rocket push it in the
opposite direction.

A rocket works in much the same way as a balloon that is pro-
pelled through the air by releasing gas. In most rockets, fuel is
burned to make hot gas. The gas pushes outward in every direc-
tion, but it can leave the rocket only through openings at the
back. The movement of gas out of these openings moves the
rocket forward. Figure 3 shows how rockets move.

Action and Reaction Forces  The movement of a rocket
demonstrates a basic law of physics: For every force, or action,
there is an equal and opposite force, or reaction. The force of
the air moving out of a balloon is an action force. An equal
force—the reaction force—pushes the balloon forward.

The reaction force that propels a rocket forward is called
thrust. The amount of thrust depends on several factors,
including the mass and speed of the gases propelled out of the
rocket. The greater the thrust, the greater a rocket’s velocity.
Velocity is speed in a given direction.

Orbital and Escape Velocity  In order to lift off the ground,
a rocket must have more upward thrust than the downward force
of gravity. Once a rocket is off the ground, it must reach a certain
velocity in order to go into orbit. Orbital velocity is the velocity
a rocket must achieve to establish an orbit around Earth. If the
rocket moves slower than orbital velocity, Earth’s gravity will
cause it to fall back to the surface.

FIGURE 3
Rocket Action and Reaction
The force of gas propelled out of the 
back of a rocket (action) produces an 
opposing force (reaction) that propels 
the rocket forward.
Interpreting Diagrams  How can a 
rocket rise from the ground into space?

Be a Rocket Scientist
You can build a rocket.

1. Use a plastic or paper cup 
as the rocket body. Cut out 
a paper nose cone. Tape it 
to the bottom of the cup.

2. Obtain an empty film 
canister with a lid that 
snaps on inside the 
canister. Go outside to do 
Steps 3–5.

3. Fill the canister about one-
quarter full with water.

4.  Put on your goggles. 
Now add half of a 

fizzing antacid tablet to 
the film canister and 
quickly snap on the lid.

5. Place the canister on the 
ground with the 
lid down. Place 
your rocket 
over the 
canister and 
stand back.

Observing
What action 
happened inside the film 
canister? What was the 
reaction of the rocket?
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Differentiated Instruction

 

Math Skill

 

Making and interpreting graphs

 

Focus

 

Remind students that line graphs 
often show how something changes over 
time. This graph shows how the rocket’s 
altitude changes.

 

Teach

 

Have students examine the line 
graph. Ask: 

 

What do the numbers on the 

 

x

 

-axis represent?

 

 (

 

Time in seconds

 

)

 

Answers

 

1.

 

Altitude and time, meters and seconds

 

2.

 

About 65 meters; about 128 meters

 

3.

 

6 seconds

 

4.

 

The rocket’s inertia caused it to continue 
to rise after its fuel ran out. Eventually 
friction caused the rocket to slow down and 
gravity caused it to fall.

 

Drawing Conclusions About 
Rocket Propulsion Technologies

 

Materials

 

 reference materials

 

Time

 

30 minutes

 

Focus

 

Remind students that early rockets 
were powered by gunpowder.

 

Teach

 

Organize students into small groups 
to research developments in rocket 
propulsion. Then have students chart their 
findings chronologically. Brief descriptions 
should accompany each development. 
Encourage students to include emerging and 
possible future propulsion technologies, 
such as ion drive, antimatter, and fusion.

 

Apply

 

Have each student write a paragraph 
summarizing how fuel technologies have 
changed.

 

learning modality: verbal

L2

Gifted and Talented
Researching Ion Propulsion Have each 
student research ion propulsion and 
prepare a presentation for the class. Give 
students these questions to answer: What is 
ion propulsion? How is it similar to and 
different from chemical fuels? How is it 
used? (Ion propulsion is a technology that 
involves ionizing [giving an electrical charge 

L3 to] the gas xenon to propel a craft. At high 
speeds, the ions are emitted as exhaust and 
push the spacecraft in the opposite direction. 
Ion propulsion can push a spacecraft up to 
ten times as fast as chemical propulsion, but 
ion propulsion cannot be used for rapid 
acceleration because its thrust is too gentle.) 
learning modality: verbal

Monitor Progress L2

Skills Check Have students sequence and 
illustrate the steps in a rocket launch. 
Students may place their sequences 
in their portfolios.

Answers
Figure 3 To lift a rocket from the ground, 
the power of the upward thrust must be 
greater than the downward force of gravity. 
Most rockets create thrust by burning fuels. 
The rocket moves forward as gases shoot out 
the back.

Solid fuel, liquid fuel, and 
gas ions

Rocket Altitude
A rocket’s altitude is how high it is above the 
ground. Use the graph at the right to answer the 
following questions about how a model rocket’s 
altitude changes over time.

1. Reading Graphs What two variables are being 
graphed? In what unit is each measured?

2. Reading Graphs What was the rocket’s 
altitude after 2 seconds? After 4 seconds?

3. Reading Graphs At what time did the rocket 
reach its greatest altitude? 

4. Inferring Why do you think the rocket 
continued to rise after it ran out of fuel? 

Rocket Flight
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If the rocket has an even greater velocity, it can fly off into
space. Escape velocity is the velocity a rocket must reach to fly
beyond a planet’s gravitational pull. The escape velocity a rocket
needs to leave Earth is about 40,200 kilometers per hour. That’s
more than 11 kilometers every second! 

Rocket Fuels Rockets create thrust by ejecting gas. Three types
of fuel are used to power modern spacecraft: solid fuel, liquid
fuel, and electrically charged particles of gas (ions). Solid-fuel
and liquid-fuel rockets carry oxygen that allows the fuel to burn.

In a solid-fuel rocket, oxygen is mixed with the fuel, which
is a dry explosive chemical. A fireworks rocket is a good exam-
ple of a solid-fuel rocket. For such a simple rocket, a match can
be used to ignite the fuel. Large solid-fuel rockets have a device
called an igniter that can be triggered from a distance. Once a
solid-fuel rocket is ignited, it burns until all the fuel is gone.

In a liquid-fuel rocket, both the oxygen and the fuel are in
liquid form. They are stored in separate compartments. When
the rocket fires, the fuel and oxygen are pumped into the same
chamber and ignited. An advantage of liquid-fuel rockets is
that the burning of fuel can be controlled by regulating how
much liquid fuel and oxygen are mixed together.

Ion rockets do not burn chemical fuels. Rather, they expel
gas ions out of their engines at very high speeds. Ion rockets
generally create less thrust than solid-fuel or liquid-fuel rock-
ets. But they are very fuel efficient.

What are the three types of rocket fuel?

FIGURE 4
Rocket Velocity
This artist’s view shows a NASA 
rocket rising into space.



Multistage Rockets

Teach Key Concepts
Rocket Stages
Focus Remind students that the fuel used in 
rockets has weight.

Teach Direct students to Figure 5. Ask: 
Which stage is the heaviest? (The first stage) 
Why does the second stage ignite only after 
the first stage has fallen away? (The fuel used 
in the second stage is intended to move less 
weight than the fuel for the first stage does, so 
the empty fuel container must fall away first.)

Apply Ask: Why is a multistage rocket 
more efficient than a single-stage rocket? 
(Because the weight of the rocket is gradually 
reduced as empty fuel containers are cast off) 
learning modality: visual

Teaching Resources

• Transparency J17 

Modeling Multistage Rockets

Materials safety goggles, 2 long balloons, 
nylon fishing line, 2 plastic drinking straws, 
plastic foam cup, masking tape, scissors

Time 15 minutes

Focus Remind students that as each stage 
of a rocket uses up its fuel, it drops off.

Teach Thread the straws onto the fishing 
line. Tie the line securely across the room. 
Cut the top ring from a foam cup. Inflate one 
balloon about three quarters of the way. 
Hold the neck tight, but do not tie it. Ask a 
volunteer to help you place the neck of the 
balloon through the plastic foam ring and 
hold it tightly closed. Inflate the second 
balloon so that the round end extends a 
short way through the ring. After some 
practice, you will be able to inflate the second 
balloon so that it presses the neck of the first 
balloon against the ring and holds it shut. 
Hold the neck of the second balloon firmly, 
and tape each balloon to one of the straws on 
the line. When you release the balloon, the 
escaping air will propel the balloons down 
the line. When the first balloon runs out of 
air, it will release the other.

Apply Ask: How many stages were part of 
this rocket model? (Two) Which balloon 
was the first stage? (The one that first ran out 
of air) learning modality: visual

L1

L3

First stage 
separates and 
falls to Earth.

Heavy first stage 
provides thrust 
for launch.

Second stage ignites 
and continues with 
third stage.

Second stage 
separates and falls 
to Earth.

Third
stage

Second
stage

First
stage

1

2

3

4

Multistage Rockets
A rocket can carry only so much fuel. As the
fuel in a rocket burns, its fuel chambers begin
to empty. Even though much of the rocket is
empty, the whole rocket must still be pushed
upward by the remaining fuel. But what if the
empty part of the rocket could be thrown off?
Then the remaining fuel wouldn’t have to
push a partially empty rocket. This is the idea
behind multistage rockets. 

Konstantin Tsiolokovsky proposed the
idea of multistage rockets in 1903. The main
advantage of a multistage rocket is that
the total weight of the rocket is greatly
reduced as the rocket rises.

In a multistage rocket, smaller rockets, or
stages, are placed one on top of the other and
then fired in succession. Figure 5 shows how
a multistage rocket works. As each stage of
the rocket uses up its fuel, the empty fuel con-
tainer falls away. The next stage then ignites
and continues powering the rocket toward its
destination. At the end, there is just a single
stage left, the very top of the rocket.

FIGURE 5

A Multistage Rocket 
A typical multistage rocket 
has three stages. Each of the 
first two stages burns all its 
fuel and then drops off. The 
next stage then takes over.  
Interpreting Diagrams  
Which part of the rocket 
reaches the rocket’s final 
destination?
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For: Rocket activity
Visit: PHSchool.com
Web Code: cfp-5021

Students can interact with the art of a rocket online.

Monitor Progress L1

Answers
Figure 5 The very top of the rocket

A rocket in which smaller
rockets, or stages, are placed 

one on top of the other and then fired in 
succession

Assess

Reviewing Key Concepts
1.  a. A device that expels gas in one 
direction to allow movement in the opposite 
direction  b. In China in the 1100s  c. For 
military use and fireworks
2.  a. The reaction force that propels a rocket 
forward  b. Most rockets create thrust by 
burning fuel.  c. Burning fuels makes hot gas 
that pushes outward in every direction. The 
gas can escape only through openings at the 
back of the rocket and shoots out through 
these openings. This action force results in 
an equal reaction force that pushes the 
rocket forward.
3.  a. A set of rocket sections are placed one 
on top of the other and then fired in 
succession. As each stage uses up its fuel, the 
empty fuel container falls away. The next 
stage then ignites and continues powering 
the rocket toward its destination.  b. In a 
multistage rocket, the total weight of the 
rocket is greatly reduced as the rocket rises.  
c. It carries less weight and already has been 
accelerated by the earlier stages.

Reteach
Refer students to the Discover activity at the 
beginning of this section. Have each of them 
sketch a diagram that uses arrows to show 
the forces that act on the balloon as it 
is released.

Teaching Resources

• Section Summary: The Science of Rockets
• Review and Reinforce: The Science of 

Rockets
• Enrich: The Science of Rockets

L1

Writing Mode: Description
Scoring Rubric 
4 Exceeds criteria by using interesting 
questions with correct answers, written 
as an informative and lively interview
3 Meets all criteria, but interview lacks 
interest
2 Includes questions and answers, but 
includes inaccurate information
1 Is incomplete, inaccurate, and uninspired

Keep Students on Track Check that  
students have completed their research on 
the geological features of planets and moons, 
and each student or group has selected a 
particular planet or moon for the project. 
Set aside some time for groups of students 
to brainstorm how a vehicle could move 
over the terrain found on a particular planet 
or moon.

Third stage 
ignites.

Third stage is 
discarded.

Spacecraft proceeds 
into space.5 6

7

In the 1960s, the development of powerful multistage
rockets such as the Saturn V made it possible to send
spacecraft to the moon and the solar system beyond. The
mighty Saturn V rocket stood 111 meters tall—higher than
the length of a football field. It was by far the most power-
ful rocket ever built. Today, multistage rockets are used to
launch a wide variety of satellites and space probes.

What is a multistage rocket?

Section 1 Assessment

Target Reading Skill Using Prior Knowledge
Review your graphic organizer and revise it based 
on what you just learned in the section.

Reviewing Key Concepts
1. a. Defining What is a rocket?

b. Reviewing Where and when were rockets 
first developed?

c. Summarizing For what purposes were 
rockets initially developed?

2. a. Explaining What is thrust?
b. Explaining How do rockets create thrust?
c. Interpreting Diagrams  Use Figure 3 to 

explain how a rocket moves forward.
3. a. Describing Describe how a multistage rocket 

works.

1

For: Multistage Rocket activity
Visit: PHSchool.com
Web Code: cfp-5021

Interview Suppose you were able to 
interview one of the scientists who helped to 
develop modern rockets. Choose one of the 
scientists identified in the section and write a 
series of questions that you would like to ask 
this person. Then use what you’ve learned to 
construct likely answers to these questions.

b. Comparing and Contrasting What is the 
main advantage of a multistage rocket 
compared to a single-stage rocket?

c. Relating Cause and Effect  Why can the 
third stage of a multistage rocket go faster 
than the first stage of the rocket, even though 
it has less fuel?
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Design and Build 
a Water Rocket

Prepare for Inquiry
Key Concept
By designing a water rocket, students will 
experience the three-step design process: 
research and investigate, design and build, 
and evaluate and redesign.

Skills Objectives
After this lab, students will be able to
• Design an experiment
• Evaluate results against specified criteria
• Troubleshoot problems that occur during 

the design and build stage

Prep Time 30 min (2 hours if a 
rocket launcher needs to be built)

Class Time 45 min

Advance Preparation
Obtain all of the materials a day or two 
before beginning the activity. Ask students to 
bring empty soda bottles from home. Be sure 
to do the activity yourself first to help you 
explain the procedure. A launcher can be 
built according to directions on the NASA 
Web site: http://quest.arc.nasa.gov/space/
teacher/rockets/act10.html. Launchers can 
also be purchased from supply houses.

Safety   
A preferred launch device is one that can be 
operated remotely. The operator should 
stand 3–4 meters from the launch point. 
Observers should stand 8–10 meters away 
from the launch point. The launch range 
should be clear of all people approximately 
30 meters on each side of the intended flight 
path in case the rocket goes off course. The 
rocket should be pumped to a pressure of no 
more than 50 pounds per square inch. 
Review the safety guidelines in Appendix A.

Teaching Resources

• Lab Worksheet: Design and Build a 
Water Rocket

Guide Inquiry
Invitation
Ask students to give examples of jet 
propulsion. Make sure that they understand 
the principles behind the method used for 
determining the maximum altitude reached 

by the rocket. Review action and reaction 
forces by asking: What basic law of physics 
is illustrated by the movement of a rocket? 
(For every force, or action, there is an equal 
and opposite force, or reaction.) What is the 
name of the reaction force that propels a 
rocket forward? (Thrust)

Introduce the Procedure 
In Part 1, students are asked to blow up 
balloons, release them, and observe their 

“flight.” The flight of each balloon will be 
very erratic because there are no wings and 
the balloon changes shape as it loses air. 
However, make sure that students note a 
marked difference in the “acceleration rate” 
between the balloon with just air in it and 
those trials that have both air and water in 
the balloon.

Design and Build a Water Rocket

Problem
Can you design and build a rocket propelled by 
water and compressed air?

Design Skills
observing, evaluating the design, redesigning

Materials
• large round balloon   • tap water
• graduated cylinder   • modeling clay
• 50 paper clips in a plastic bag
• empty 2-liter soda bottle   • poster board
• scissors   • hot glue gun or tape
• bucket, 5 gallon   • stopwatch
• rocket launcher and tire pump (one per class)

Procedure
PART 1 Research and Investigate

1. Copy the data table onto a separate sheet of 
paper.

2. In an outdoor area approved by your 
teacher, blow up a large round balloon. Hold 
the balloon so the opening is pointing down. 
Release the balloon and observe what 
occurs.  CAUTION: If you are allergic to latex, 
do not handle the balloon.

3. Measure 50 mL of water with a graduated 
cylinder. Pour the water into the balloon. 
Blow it up to about the same size as the bal-
loon in Step 2. Hold the opening down and 
release the balloon. Observe what happens.

4. Repeat Step 3 twice, varying the amount of 
water each time. Record your observations in 
the data table.

PART 2 Design and Build

5. You and a partner will design and build a 
water rocket using the materials provided or 
approved by your teacher. Your rocket must

• be made from an empty 2-liter soda bottle
• have fins and a removable nosecone 
• carry a load of 50 paper clips
• use air only or a mixture of air and water 

as a propulsion system
• be launched on the class rocket launcher
• remain in the air for at least 5 seconds

6. Begin by thinking about how your rocket 
will work and how you would like it to look. 
Sketch your design and make a list of materi-
als that you will need.

7. Rockets often have a set of fins to stabilize 
them in flight. Consider the best shape for
fins, and decide how many fins your rocket 
needs. Use poster board to make your fins.

8. Decide how to safely and securely carry a 
load of 50 paper clips in your rocket.

9. Based on what you learned in Part 1, decide 
how much, if any, water to pour into your 
rocket.

10. After you obtain your teacher’s approval, 
build your rocket.

Data Table
Motion of BalloonVolume of  Water (mL)

No water

Rocket launcher

� 

L2

user
Line

user
Line




For: More on Data 
Sharing
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Students can share data from their experiment online.

Troubleshooting the Experiment
Be sure to designate a safe area for Part 1 of 
the experiment because when the water 
comes out of the balloon, it will make a 
mess. Going outside or spreading 
newspapers on the floor might help cleanup. 
Do not attempt the rocket flights when it is 
too windy outside. The wind will alter the 
course of the rockets.

Expected Outcome
The more water added to the rocket, the 
higher and faster it will fly, up to a point. If 
there is sufficient time for students to 
conduct multiple launches, they will be able 
to determine the minimum amount of water 
to add to achieve the maximum altitude.

Analyze and Conclude 
1. Answers should reflect an understanding 
that when water was added, the extra mass 
being expelled by the balloon made the 
balloon go higher.
2. The water provided extra mass that when 
expelled from the balloon, provided force to 
propel the balloon.
3. Students should note that the addition of 
water to the balloon caused it to fly higher 
when released. This observation should 
cause them to add a significant amount of 
water to their rocket in Part 2. However, if 
too much water is added, the force required 
to lift the rocket may offset the additional 
propulsion provided by the water.
4. Answers will vary but should demonstrate 
an understanding of meeting the design 
criteria.
5. Answers should describe several different 
design features incorporated into various 
rockets and note which design features 
appear to have contributed to the most 
successful launches.
6. Answers will vary but possible 
improvements may include adjusting the 
amount of water, modifying the shape or 
number of fins, or using different materials.
7. Answers will vary but should include an 
understanding of how rocket propulsion has 
enabled space travel.

Extend Inquiry
Communicate Paragraphs will vary but 
should include a brief description of the 
procedure used by students in designing and 
building their rocket. They should also 
demonstrate an understanding of rocket 
propulsion; that is, a force in one direction 
creates an equal force in the opposite 
direction.
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PART 3 Evaluate and Redesign

11. Test your rocket by launching it on the rocket 
launcher provided by your teacher. 
CAUTION: Make sure that the rocket is 
launched vertically in a safe, open area that 
is at least 30 m across. All observers should 
wear goggles and stay at least 8–10 m away 
from the rocket launcher. The rocket should 
be pumped to a pressure of no more than 
50 pounds per square inch.

12. Use a stopwatch to determine your rocket’s 
flight time (how long it stays in the air.)

13. Record in a data table the results of your 
own launch and your classmates’ launches.

14. Compare your design and results with those 
of your classmates. 

Analyze and Conclude
1. Observing What did you observe about the 

motion of the balloon as more and more 
water was added?

2. Drawing Conclusions What purpose did 
adding water to the balloon serve?

3. Designing a Solution How did your results in 
Part 1 affect your decision about how much 
water, if any, to add to your rocket? 

4. Evaluating the Design Did your rocket meet 
all the criteria listed in Step 5? Explain.

5. Evaluating the Design How did your rocket 
design compare to the rockets built by your 
classmates? Which rocket had the greatest 
flight time? What design features resulted in 
the most successful launches?

6. Redesigning Based on your launch results 
and your response to Question 5, explain 
how you could improve your rocket. How do 
you think these changes would help your 
rocket’s performance?

7. Evaluating the Impact on Society Explain
how an understanding of rocket propulsion 
has made space travel possible.

Communicate
Write a paragraph that describes how you 
designed and built your rocket. Explain how it 
worked. Include a labeled sketch of your design.

For: Data sharing
Visit: PHSchool.com
Web Code: cfd-5021
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