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INTRODUCTION
This module, Rockets, is the fourth of six modules, which combined to make up our new textbook
for Phases I and II of Civil Air Patrol's Cadet Aerospace Education Program. This new aerospace
program is called Aerospace Dimensions. Each module is meant to stand entirely on its own, so they
can be taught in any order. This enables new cadets coming into the program to study the same
module, at the same time, with the other cadets. This builds a cohesiveness and cooperation among
the cadets and encourages active group participation.
We included many activities within the text to further enhance and promote the ideas of
cooperation and participation. These activities were designed as group activities, but can be done
individually if desired. We provide several activities for every section; you can choose which ones
you would like to do. We believe that these activities will not only be fun, but will also reinforce the
concepts that are presented in these chapters. The activities for each module are located in the
back of each chapter.
Hello!
Cappy, our mascot, appears throughout the modules offering
I'm
cappy.
suggestions, tips and help along the way.
We provide Leader Guides for all of our modules. These guides offer
possible ways of presenting the material to the students. However, how the
lesson proceeds is up to the leader. If the leader has a different idea on how
to present the lesson, that is fine as long as the learning outcomes of the
lesson are met. These outcomes should be thought of as objectives of the
lesson; the information the cadets should know when they finish the lesson. Leaders should study
these outcomes so they will know what information the students need to learn to successfully
proceed through Aerospace Dimensions. The learning outcomes are listed after the Introduction of
each module.
At the beginning of each chapter is a list of Important Terms. Please review these before you
begin your lesson. They will help familiarize you with the material and give you an idea of where the
chapter is headed. We also include a review section called Things to Remember. Always take a
moment and review this too.
A major emphasis of these modules is the activities. These hands-on exercises are designed to be
fun and educational. We hope you will take the time and perform many of these activities. We think
they are worth your time and effort, and will expand your knowledge of the subjects. This module has
several rocket activities. Please be careful and safe when performing these.
Anyone interested in the Model Rocketry Program and badge should read CAPM 50-20, CAP
Model Rocketry Program.
Good luck with Rockets and all of the modules in Civil Air Patrol's Aerospace Dimensions
Program.
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LEARNING OUTCOMES
Chapter 1 - History of Rockets
After completing this chapter, you should be able to:
- Identify historical facts about the Greeks, Chinese and British, and their roles in the
development of rockets.
- Describe America's early contributions to the development of rockets.
- List the early artificial and manned rocket launches and their missions.
Chapter 2 - Rocket Principles
After completing this chapter, you should be able to:
- Define acceleration.
- Define inertia.
- Define thrust.
- Describe Newton's First Law of Motion.
- Describe Newton's Second Law of Motion.
- Describe Newton's Third Law of Motion.
Chapter 3 - Rocket Systems and Controls
After completing this chapter, you should be able to:
- Identify the four major systems of a rocket.
- Describe the purpose of each of the four major systems of a rocket.
- Define payload.

v

1

HISTORY OF ROCKETS

Important Terms
Neil Armstrong - first man to walk on the Moon
Roger Bacon - increased the range of rockets
Wernher von Braun - director of the V-2 rocket project
William Congreve - designed rockets for military use
Jean Froissart - improved the accuracy of rockets by launching them through tubes
Yuri Gagarin - a Russian; the first man in space
John Glenn - first American to orbit the Earth
Robert Goddard - experimented with solid and liquid propellant rockets; is called the Father of
Modern Rocketry
William Hale - developed spin stabilization
Hero - developed first rocket engine
Sergei Korolev - the leading Soviet rocket scientist
Sir Isaac Newton - laid scientific foundation for modern rocketry with his laws of motion
Hermann Oberth - space pioneer; wrote a book about rocket travel into outer space
Alan Shepard - first American in space
Skylab - first US space station
Space Shuttle - a space transportation system for traveling to space and back to Earth
Sputnik I - first artificial satellite
Konstantin Tsiolkovsky - proposed the use of rockets for space exploration
Today's rockets are remarkable examples of scientific research and experimentation over
thousands of years. Let's take a moment and recall some of the fascinating rocket developments of
the past. We have also included some activities to help clarify and amplify the information.
HISTORY
The history of rockets began around 400 BC when a Greek named Archytas built a flying
wooden pigeon. It was suspended on a wire and propelled by escaping steam. About 300 years later,
another Greek, Hero developed the first rocket engine.
It was also propelled by steam. Hero placed a sphere on
top of a pot of water. The water was heated and turned into
steam. The steam traveled through pipes into the sphere. Two
L-shaped tubes on opposite sides of the sphere allowed the gas
to escape. This created a thrust that caused the sphere to
rotate. This device is known as a Hero Engine.
See Activity One - The Hero Engine
Refer to the Activity Section at the end of the chapter for this activity.
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In the first century AD, the Chinese developed a form of
gunpowder and used it as fireworks for religious and festive
celebrations. The Chinese began experimenting with the
gunpowder-filled tubes. They attached bamboo tubes to
arrows and launched them with bows.

Fireworks and rockets share a
common heritage.

In 1232, with the Chinese and Mongols at war with
each other, these early rockets were used as arrows of
flying fire. This was a simple form of a solid-propellant
rocket. A tube, capped at one end, contained gunpowder.
The other end was left open and the tube was attached to a
long stick. When the powder ignited, the rapid burning of
the powder produced fire, smoke and gas that escaped out
the open end and produced a thrust. The stick acted as a
guidance system that kept the rocket headed in one
Early Chinese Rocket
general direction as it flew through the air. Records
indicate that from this point, the use of rockets spread.
th
th
Rocket experiments continued throughout the 13 to 15 centuries. In England, Roger Bacon
improved the forms of gunpowder, which increased the range of the rocket. In France, Jean Froissart
achieved more accuracy by launching rockets through tubes. This idea was the forerunner of the
bazooka.
During the latter part of the 17th century, Sir Isaac Newton laid the scientific foundations for
modern rocketry when he developed his laws of motion. These laws explain how rockets work and
are discussed in detail in Chapter 2 of this volume.
Newton's laws of motion influenced the design of rockets. Rocket experimenters in Germany
and Russia began working with very powerful rockets. Some of these rockets were so powerful that
their escaping exhaust flames bored deep holes in the ground even before liftoff.
At the end of the 18th century, Colonel William Congreve, an artillery expert
with the British military, set out to design rockets for military use. His rockets
increased the rocket's range from 200 to 3,000 yards and were very successful in
battle, not because of accuracy, but because of the sheer numbers that could be
fired. During a typical siege, thousands of rockets could be fired. These
became known as the Congreve rockets, and were the rockets that lit the sky
during the battle at Fort McHenry in 1812, while Francis Scott Key wrote his
poem. The poem later became our national anthem, "The Star Spangled
Banner. "
Even with Congreve's work, the accuracy of rockets still had not improved
much. So, rocket researchers all over the world were experimenting with ways
to improve accuracy. An Englishman, William Hale, developed a technique
called spin stabilization. In this method, the escaping exhaust gases struck
small vanes at the bottom of the rocket, causing it to spin much as a bullet does
in flight. Many rockets still use variations of this principle today.

Congreve Rocket

See Activity Two - Congreve Rocket
Refer to the Activity Section at the end of the chapter for this activity.
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MODERN ROCKETRY
In 1898, a Russian schoolteacher, Konstantin Tsiolkovsky, proposed the idea of space
exploration by a rocket. He published a report in 1903 suggesting the use of liquid propellants for
rockets in order to achieve greater range. Tsiolkovsky stated that only the exhaust velocity of
escaping gases limited the speed and range of a rocket. For his ideas, research and vision,
Tsiolkovsky has been called the father of modern astronautics.
Needle valve

Igniter
Needle valve

Rocket motor

Gasoline line

Liquid
oxygen
line

Hinged rod

Dr. Robert H. Goddard

Pressure
relief vent

th

Exhaust shield

Early in the 20 century, an
Liquid
oxygen tank
Pull cord
American physics professor, Dr.
Robert H. Goddard conducted
Alcohol burner
many practical experiments
Cork float
valve
with rockets. His research led to
Gasoline tank
Oxygen gas
major breakthroughs in the
Pull cord
pressure line
development of rockets. His
Check valve
Pipe
earliest experiments were with
solid-propellant rockets. Then
Detachable
he became convinced that liquid
starting hose
Oxygen cylinder
fuel would better propel a
Dr. Goddard's First Liquid Propellant Rocket
rocket.
In 1926, Goddard
achieved the first successful flight with a liquid-propellant rocket. It was fueled by liquid oxygen
and gasoline. This was the forerunner of today's rockets.
As he continued with his experiments, his liquid-propellant rockets grew bigger and flew higher.
He also developed a gyroscope system for flight control, a payload compartment and a parachute
recovery system. Additionally, he believed that multistage rockets were the answer for achieving
high altitudes. For his many accomplishments, Dr. Goddard is known as the father of modern
rocketry.

See Activity Three - Balloon Staging
Refer to the Activity Section at the end of the chapter for this activity.
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In 1923, Hermann Oberth of
Germany, published a book about
Warhead
(Explosive Charge)
rocket travel into outer space.
Automatic
Gyro Control
Because of his writings, small
Guidebeam and Radio
rocket societies were started around
Command Receivers
the world. In Germany, one such
Container for
society, the Society for Space
Alcohol-water
Mixture
Travel, led to the development of
the V-2 rocket.
The V-2 rocket with its explosive warhead was a formidable
Wernher von Braun
Container for
Liquid Oxygen
weapon which could devastate
Container for
Turbine Propellant
whole city blocks. Germany used this weapon against
(Hydrogen Peroxide)
Propellant
London during World War II, but fortunately this
Turbopump
Vaporizer for Turbine
Propellant (Propellant
Turbopump Drive)
occurred too late in the war to change the outcome.
Steam Exhaust
Oxygen Main Valve
from Turbine
The V-2 was built under the directorship of Wernher
Rocket Motor
von Braun, who, after the war, headed up the US'
Alcohol
Main Valve
rocket program.
With the fall of Germany, the Allies captured
many unused V-2 rockets and components. Many
Jet Vane Air Vane
V-2 Rocket
German rocket scientists came to the United States.
Others went to the Soviet Union. Von Braun and about 120 of his scientists signed contracts to work
with the US Army. Von Braun and his team used captured V-2s to teach American scientists and
engineers about rocketry.
In the Soviet Union, Sergei Korolev was leading Russian scientists in rocket development. He
organized and led the first successful Soviet intercontinental ballistic missile in August 1957 and
was getting ready to launch the world's first satellite. He is considered to be the father of the Soviet
space program.
Space Race
Both the United States and the Soviet Union recognized the potential of rocketry as a military
weapon and began a variety of experimental programs. The United States began a program of highaltitude atmospheric sounding rockets . Then the US developed a variety of medium - and longrange intercontinental ballistic missiles. These became the starting points for the US space program.
Missiles such as the Redstone, Atlas and Titan would eventually launch satellites and astronauts
into space. Collectively, they were called rocket launch vehicles, and they were the real workhorses
for the space program.
A launch vehicle is the rocket system that lifts the spacecraft. It gives the spacecraft enough
force to reach orbit. These launch vehicles propelled people and cargo into space. The diagram on
the next page shows the rocket launch vehicle family used by the US space program.
On October 4, 1957, the Soviet Union launched the first artificial (man-made) satellite, Sputnik
I, into space. The race for space between the two superpowers, the US and the USSR, had begun.
On January 31, 1958, the US launched Explorer I. Then, in October 1958, the US formally
organized its space program by creating the National Aeronautics and Space Administration
(NASA). NASA became the civilian agency with the goal of peaceful exploration of space for the
benefit of all humankind. The Department of Defense (DoD) became responsible for research and
development in the area of military aerospace activities.
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SATURN V
111 meters
(363 feet)

DELTA
35.4 meters
(116 feet)

ATLAS/
AGENA
36.6 meters
(120 feet)

ATLAS/
CENTAUR
41.9 meters
(137.6 feet)

TITAN III-E/
CENTAUR
48.8 meters
(160 feet)

SPACE SHUTTLE
56 meters
(184 feet)

SATURN I-B
69 meters
(223 feet)

SCOUT
23 meters
(75 feet)

The United States Rocket Launch Vehicles
External
Temperature
Gauge

Nosecone with
Temperature
Probe Inside

Rocket Engine

Geiger Counter

Micrometeorite
Erosion Gauges

Internal
Temperature
Gauge
Antenna

Instrument Compartment
with Radio Transmitter

Explorer I.

Now, the US began to study space exploration in earnest.
Both the US and the Soviet Union were sending many people
Sputnik I
and machines into space. In April of 1961, a Russian named
Yuri Gagarin, became the first man to orbit Earth. Then, in less than a month later, Alan Shepard,
aboard his Mercury capsule, Freedom 7, became the first American in space. The Redstone rocket
that propelled Shepard was not powerful enough to place the Mercury capsule into orbit. So, the
flight lasted only 15 minutes and reached an altitude of 187 kilometers. Twenty days later, even
though the Soviet Union was ahead of the US in the space race, President John F. Kennedy
announced the objective of putting a man on the Moon by the end of the decade.
In February 1962, John Glenn became the first American to orbit the Earth aboard the Mercury
capsule, Friendship 7. Glenn was launched by the more powerful Atlas rocket and remained in orbit
for 4 hours and 55 minutes.
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The US then began an extensive unmanned
space program aimed at supporting the manned
lunar landing program. The Atlas rocket continued
to power these missions until the larger Centaur
rocket replaced it. As rocket building was refined,
so was the capability of the US to explore the
Moon.
Next came the Gemini missions, which were
designed to carry two crew members. These
missions were launched by the largest launch
vehicle available, the Titan II. Gemini missions
were aimed at expanding our experience in space
and preparing the U.S. for a manned lunar landing
on the Moon. Gemini paved the way for Apollo
by demonstrating rendezvous and docking
procedures.
After the Gemini missions, the third manned
space program, Apollo, began. Launching men to
the Moon required much larger launch vehicles
than those available. So, the US developed the
Saturn launch vehicles; Saturn I, IB, and V. The
Saturn I and IB were large two-stage liquidJohn Glenn's Mercury
Alan Shepard's Mercury
propellant launch vehicles assembled from the
capsule atop an Atlas
capsule atop a Redstone
components of other rockets.
launch vehicle.
rocket.
In October 1968, a Saturn IB launched the
first three-person mission, Apollo 7. Then, the threestage Saturn V was developed with one goal
send
humans to the Moon. On July 20, 1969, Apollo 11
landed on the Moon, powered by the Saturn V launch
vehicle, and Neil Armstrong became the first man to
walk on the Moon.
The United States' next project was Skylab - the
US' first space station. The Saturn IB launch vehicle
was used
again for
Skylab.
Skylab was
launched in
May 1973
and had
Neil Armstrong's photo of Buzz Aldren
three sepaplanting the U.S. Flag on the Moon.
r a t e m i ssions between 1973 and 1974. The last mission was the
longest. It lasted 84 days.
After the space station, the US concentrated on a
reusable launch system, the Space Shuttle. The shuttle
used solid rocket boosters and three main engines on the
orbiter to launch. The reusable boosters fall off about two
Skylab in orbit over the Amazon River in Brazil.
minutes into the flight. Parachutes deploy to decelerate
6

A Space Shuttle Landing

the solid rocket boosters for a safe splashdown in the
Atlantic Ocean, where ships recover them. The
Space Shuttle is really a space transportation system
used for transporting to space and returning back to
Earth.
This section gave a brief account of how rocket
launch
vehicles were used in the space race. A more
A Space Shuttle Launch
detailed account of the US manned space program is
contained in module six ofAerospace Dimensions.
Rockets evolved from simple gunpowder devices into giant vehicles capable of traveling into outer
space, taking astronauts to the Moon and launching satellites to explore our universe. Without a
doubt, rockets have opened the universe to our exploration.

Rockets Time Line
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What are the
most important
things?
1. Safety
2. answers to
questions
3. things to
remember

QUESTIONS: Chapter 1
When and where did the history of rockets begin?
Who is the father of modern rocketry?
THINGS TO REMEMBER
Rockets have been a part of history for a long time and have been used
as a weapon by many countries. Since early in the 20th century, we have
made major strides with the development of rockets. Dr. Goddard, the
father of modern rocketry, greatly advanced the study of rockets. One of his
major achievements was the liquid-propelled rocket, which was the
forerunner of today's rockets.
Space exploration has been in progress for many years. Much has been
accomplished since then: a man in orbit around the Earth, a man on the

Moon, a space station, and a reusable launch system. Rockets are still sending spacecraft into space
to explore the universe.
REVIEW QUESTIONS
let's
review these
questions.

1. Whose laws of motion laid the scientific foundation
for modern rocketry?
a. Colonel Congreve
b. Roger Bacon
c. Francis Scott Key
d. Sir Isaac Newton
2. Who is known as the father of modern rocketry?
a. Roger Bacon
b. Dr. Robert Goddard
c. Sir Isaac Newton
d. Wernher von Braun
3. Who was the first American to orbit the Earth?
a. Neil Armstrong
b. John Glenn
c. Alan Shepard
d. Chuck Yeager
4. Who was the first American to walk on the Moon?
a. Neil Armstrong
b. John Glenn
c. Alan Shepard
d. Chuck Yeager
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5. What was the name of America's first space station?
a. Apollo I
b. Mercury I
c. Skylab
The Activity
section begins on
the next page.
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ACTIVITY SECTION
Activity One - The Hero Engine
Materials: empty soda can, medium-size nail, string, bucket or tub of water
and a hammer
Procedure:
1. Lay the can on its side and carefully punch four equally spaced holes in
the can. Before removing the nail, push the nail to the right so that the
hole is slanted in that direction. The holes should be just above the
bottom rim.
2. Bend the opener straight up and tie a short piece of string to it.
3. Immerse the can in the water until the can is full.
4. Pull the can out of the water by the string. Water will stream out of the
openings causing the can to spin.
Activity Two - Making a Paper Rocket
Materials: paper, cellophane tape, scissors, sharpened pencil and a straw (slightly thinner than
the pencil)
Procedure:
1. Cut a narrow strip of paper 4 by 28 centimeters- wide enough to wrap around the pencil, but 11/2
centimeters shorter than the straw.
2. Wrap the paper around the pencil.
3. Tape tube in three places as shown.
4. Remove pencil and cut off ends of tube.
5. Reinsert pencil into tube and tape around sharpened point of the pencil.
6. Cut out fins in any shape you like and tape to base of rocket.
7. Remove the pencil from tube. Insert the straw into the open end of the paper rocket.
8. Launch the rocket by blowing on the end of the straw.

Step

Step

Step

Tape

Step

Tape

Tape

Cut
here

Step
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Fold
line

Step

Steps

Activity Three - Balloon Staging
Materials: two long party balloons, nylon monofilament fishing line (any weight), two plastic
straws (milkshake size), styrofoam coffee cup, masking tape, scissors and two spring clothespins
Procedure:
1. Thread the fishing line through the two straws. Stretch the fishing line snugly across a room and
secure its ends. Make sure the line is just high enough for people to pass safely underneath.
2. Cut the coffee cup in half so that the lip of the cup forms a continuous ring.
3. Stretch the balloons by pre-inflating them. Inflate the first balloon about three-fourths full of
air and squeeze its nozzle tight. Pull the nozzle through the ring. Twist the nozzle and hold
it shut
with a spring clothespin. Inflate the second balloon. While doing so, make sure the
front end of the
second balloon extends through the ring a short distance. As the second
balloon inflates, it will
press against the nozzle of the first balloon and take over the clip's job
of holding it shut. It may take a bit of practice to achieve this. Clip the nozzle of the second balloon
shut also.
4. Take the balloons to one end of the fishing line and tape each balloon to a straw with
masking tape. The balloons should point parallel to the fishing line.
5. Remove the clip from the first balloon and untwist the nozzle. Remove the nozzle from the
second
balloon as well, but continue holding it shut with your fingers.
6. If you wish, do a rocket countdown as you release the balloon you are holding. The escaping gas
will propel both balloons along the fishing line. When the first balloon released runs out of air, it
will release the other balloon to continue the trip.
7. Distribute design sheets and ask students to design and describe their own multistage rocket.
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ROCKET PRINCIPLES

Important Terms
acceleration - the rate of change in velocity with respect to time
inertia - the tendency of an object at rest to stay at rest and an object in motion to stay in motion
Newton's First Law of Motion - a body at rest remains at rest and a body in motion tends to stay in
motion at a constant velocity unless acted on by an outside force
Newton's Second Law of Motion - the rate of change in the momentum of a body is proportional to
the force acting upon the body and is in the direction of the force
Newton's Third Law of Motion - to every action, there is an equal and opposite reaction
thrust - to force or push , the amount of push used to get the rocket traveling upwards
In this chapter, we will take a brief look at some of the concepts and principles that explain how
rockets work, with a particular emphasis on Newton's Laws of Motion. These laws lay the scientific
foundation for rockets and aid tremendously in explaining how rockets work.
PRINCIPLES
In its simplest form, a rocket is a chamber enclosing a
gas under pressure. A small opening at one end of the
chamber allows the gas to escape, and thus provides a
thrust that propels the rocket in the opposite direction. A
good example is a balloon. Use the following activity as a
simple illustration of a rocket.
Balloons and rockets actually have a strong similarity.
The only significant difference is the way the pressurized
gas is produced. With space rockets, the solid or liquid
burning propellants produce the gas.

AIR MOVES

BALLOON MOVES

See Activity One - Balloon Rocket
Refer to the Activity Section at the end of the chapter for this activity.
See Activity Two - Rocket Racer
Refer to the Activity Section at the end of the chapter for this activity.

NEWTON'S LAWS OF MOTION
Even though rockets have been around for over 2,000 years, it has only been in the last 300 years
that rocket experimenters have had a scientific basis for understanding how they work. This
scientific basis came from Sir Isaac Newton. Newton stated three important scientific principles that
govern the motion of all objects, whether on Earth or in space. Understanding these principles has
enabled rocketeers to construct the giant rockets we use today. These principles are known as
Newton's Laws of Motion.
13

Newton's First Law of Motion: a body at rest remains at rest and a body in motion tends to stay in
motion at a constant velocity unless acted on by an outside force.
Rest and motion are the opposite of each other. If a ball is sitting on the ground, it is at rest. If it is
rolling, it is in motion. If you hold a ball in your hand and keep it still, the ball is at rest. All the time
the ball is being held there, it is acted upon by forces. The force of gravity is trying to pull the ball
downward, while at the same time your hand is pushing against the ball to hold it up. The forces
acting on the ball are balanced. Let the ball go, or move your hand upward, and the forces become
unbalanced. The ball then changes from a state of rest to a state of motion.
In rocket flight, forces become balanced and unbalanced all the time. A rocket on the launch pad
is balanced. The surface of the pad pushes the rocket up while gravity tries to pull it down. As the
engines are ignited, the thrust from the rocket unbalances the forces, and the rocket travels upward.
Thrust is defined as the amount of push used to get the rocket traveling upwards.
Consider a grocery cart full of groceries that you are pushing down an aisle. Let's pretend there is
no friction from the wheels or from the floor. The cart weighs 75 pounds, and you are pushing it at
100 ft/min. What force must you exert on the cart to keep it moving in a straight line at this constant
speed? The answer is none. You exerted a force to start it from rest, and you will need to exert a force
to stop it, but no force is needed to keep it moving at constant velocity if there is no friction. Inertia is
the tendency of an object at rest to stay at rest and an object in motion to stay in motion.
See Activity Three - Law of Inertia
Refer to the Activity Section at the end of the chapter for this activity.
Newton's Second Law of Motion: the rate of change in the momentum of a body is proportional to
the force acting upon the body and is in the direction of the force.
This law is essentially a mathematical equation. There are three parts: mass (m), acceleration
(a), and force (f) - f = ma (force equals mass times acceleration). The amount of force required to
accelerate a body depends on the mass of the body. The more mass, the more force is required to
accelerate it.
Acceleration is defined as the rate of change in velocity
with respect to time. Use a cannon as an example to help
explain. When the cannon is fired, an explosion propels a
cannon ball out the open end of the barrel. It flies to its target.
A
A
M
F
At the same time, the cannon itself is pushed backward. The
force acting on the cannon and the ball is the same. Since f =
ma, if the mass increases, then the acceleration decreases; if
the mass decreases, then the acceleration increases.
Apply this principle to a rocket. Replace the mass of the cannon ball with the mass of the gases
being ejected out of the rocket engine. Replace the mass of the cannon with the mass of the rocket
moving in the other direction. Force is the pressure created by the controlled explosion taking place
inside the rocket's engines. That pressure accelerates the gas one way and the rocket the other.
Another example of this law would be a hockey puck sliding over the ice. That puck has a
quantity of motion that slowly decreases due to being in contact with the ice, which causes friction.
Newton's Third Law of Motion: to every action, there is an equal and opposite reaction.
A rocket can lift off from a launch pad only when it expels gas out of its engine. The rocket pushes
on the gas, and the gas in turn pushes on the rocket. The example of a skateboard and rider illustrates
this point. Imagine the skateboard and rider at rest. The rider jumps off the skateboard. The jumping
is called the action. The skateboard responds to that action by traveling some distance in the
14

opposite direction. The skateboard's opposite motion is called the reaction.
With rockets, the action is the expelling of gas out of the engine. The reaction is the movement of
the rocket in the opposite direction. To enable a rocket to lift off from the launch pad, the action, or
thrust, from the engine must be greater than the weight of the rocket.
Another example is a man walking on level ground pushes against the ground with his feet. The
earth also pushes against his feet with an equal and opposite force.
SeeActivity Four - Two Balloons
Refer to theActivity Section at the end of the chapter for this activity.
SeeActivity Five - Roller Skates and Jug
Refer to theActivity Section at the end of the chapter for this activity.
SeeActivity Six -Antacid Tablet Race - Experiment 1
Refer to theActivity Section at the end of the chapter for this activity.
SeeActivity Seven - Newton Car
Refer to theActivity Section at the end of the chapter for this activity.
THINGS TO REMEMBER
Sir Isaac Newton gave rocket development a scientific
foundation with the discovery of his laws of motion. These laws
are basic laws of science which have wide applicability.
don't forget
- Newton's First Law - a body at rest remains at rest and a
these important
body in motion tends to stay in motion, unless acted on by
laws!
an outside force.
- Newton's Second Law- force is equal to mass times
acceleration and forces acceleration in the same direction.
- Newton's Third Law - for every action there is an equal
and opposite reaction.
Don't forget to take a look at the Activity Section. You will find activities that demonstrate
Newton's Laws, and other activities that will reinforce what you have studied in this chapter. Please
be safe when performing these activities.
REVIEW QUESTIONS
Let me
think about
this!!!

1. The amount of push needed to get a rocket traveling
upward is called
a. acceleration.
b. thrust.
c. velocity.
d. speed.
2. A body at rest remaining at rest is part of Newton's
______ Law of Motion.
a. First
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b. Second
c. Third
d. Fourth
3. For every action there is an equal and opposite reaction is Newton's ______ Law of Motion.
a. First
b. Second
c. Third
d. Fourth
4. The rate of change in the momentum of a body is proportional to the force acting upon the
body and in the direction of the body is Newton's ______ Law of Motion.
a. First
b. Second
c. Third
d. Fourth

Next comes
the fun part...
the activity
section!!!
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ACTIVITY SECTION
Activity One - Balloon Rocket
Material: a balloon
Procedure:
1.
2.
3.
4.

Blow up a balloon.
Pinch the ends together so the air will not escape.
Release the "rocket." The rocket should fly in an erratic pattern. Why does this happen?
Why does the "rocket" fly?
Activity Two - Rocket Racer
Materials: four pins, styrofoam meat tray, masking tape, flexible
straw, scissors, drawing compass, marker pen, small round party
balloon, ruler, student sheets (one set per group), 10-meter tape
measure or other measuring markers for track (one for whole class)
Procedure:

2.
3.
4.
5.

1. Distribute the materials and construction tools to each group.
If you are going to construct a second racer, save the
styrofoam tray scraps for later. Hold back the additional
materials for the second racer until you need them.
You should plan the arrangement of parts on the tray before cutting them out. If you do not wish
to use scissors, you can trace the pattern pieces with the sharp point of a pencil or a pen. The
pieces will snap out of the styrofoam if the lines are pressed quickly.
Lay out a track on the floor approximately 10 meters long. Several metric tape measures j o i n e d
together can be placed on the floor for determining how far the racers travel. Cadets should
measure in 10 centimeter intervals.
Test racers as they are completed. Cadets should fill in the data sheets and create a report cover
with a drawing of the racer they constructed.
If a second racer will be constructed, distribute design pages so that the cadets can design
their racers before starting construction.
CAR BODY

HUBCAPS
WHEELS

Build Racer:
1. Lay out your pattern on a styrofoam
tray. You need one car body, four wheels,
and four hubcaps. Use a compass to
draw the wheels.
2. Blow up the balloon and let the air out.
Tape the balloon to the short end of a
flexible straw and then tape the straw
to the rectangle.
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3. Push pins through the hubcaps
into the wheels and then into the
edges of the rectangle.
4. Blow up the balloon through the
straw. Squeeze the end of the
straw. Place the racer on the floor
and let it go.

Activity Three - Law of Inertia
Material: stack of checkers
Procedure:
1. Stack the checkers.
2. Shoot one so it hits the bottom checker.
When you flip the checker, you are introducing an outside
force to the stack of checkers. When it hits the bottom checker,
its inertia is transferred and the bottom checker moves with
almost the same speed and inertia.

GRAVITY

BALL AT
REST

OR, you can take a ball and cup it in your hand, like the picture
to the right. It is in a state of rest. Gravity is pushing down on
the ball, while your hand is pushing up. If you remove your
hand, the ball drops and is in a state of motion.

LIFT

Activity Four - Two Balloons
Materials: two balloons, inflated and tied
Procedure:
1. Squeeze the two balloons together, pushing with only one
of them. The pusher is compressed by the force of the
push. The pushed is also compressed from pushing back
with equal force. Can someone else tell which is the
pusher and which is pushed?
2. To prove further that they are pushing on each other
equally, let go all at once. The balloons spring back into
shape and push each other apart.
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PUSHER

PUSHED

Activity Five - Roller Skates and Jug
Materials: roller skates and plastic jug of water

REACTION

ACTION

Procedure:
Wearing roller skates, feet parallel, throw a plastic jug of
water to a friend 10 feet away (as you push forward, you
roll backward).

ACTION

REACTION

OR, use a skateboard to demonstrate the same thing. Stand
on a skateboard with the board not moving. Then jump off
the board. Your jumping off is the action, and the board
moving in the opposite direction is the reaction.

Activity Six - Antacid Tablet Race - Experiment 1
Materials: effervescent antacid tablets (4 per group), two
Beakers (or glass or plastic jars), tweezers or forceps, scrap
paper, watch or clock with second hand, thermometer, eye
protection and water (warm and cold)
Procedure: Experiment 1
1. Fill both jars half full with water that is the same temperature.
2. Put on your eye protection.
3. Predict how long it will take for the tablet to dissolve in the
water. Drop a tablet in the first jar. Shade in the stop watch
face for the actual number of minutes and seconds it took to
complete the reaction. The stopwatch can measure 6
minutes.
Jar 1 Results
Temperature: _____
Your prediction: _____ seconds

0 15
30
5

45

1
15
30
45
2

4
3

Jar 2 Results
Temperature: _____
Your prediction: _____ seconds

0 15
30
5

45

1
15
30
45
2

4
3
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Procedure: Experiment 2
1. Empty the jars from the first experiment. Put warm water in one jar and cold in the other.
2. Measure the temperature of the first jar. Predict how long it will take for a tablet to dissolve.
Drop a tablet in the jar. Shade in the clock face for the actual number of minutes and seconds it
took to complete the reaction.
3. Measure the temperature of the second jar. Predict how long it will take for a tablet to dissolve in
the water. Drop a tablet in the jar. Shade in the clock face for the actual number of minutes and
seconds it took to complete the reaction.
Jar 1 Results
Temperature: _____
Your prediction: _____ seconds

0 15
30
5

45

1
15
30
45
2

4

Jar 2 Results
Temperature: _____
Your prediction: _____ seconds
0 15
30
5

1
15
30
45
2

4

3

45

3

Describe what happened in the experiment and why.
How can you apply the results from these experiments to improve rocket performance?

Activity Seven - Newton Car
Materials: wooden block about 10x20x2.5 cm, 3 3-inch
#10 wood screws (round head), 12 round pencils or short
lengths of similar dowel, plastic film canister, assorted
materials for filling canister (washers, nuts, etc.), 3 rubber
bands, cotton string, matches or lighter, eye protection for
each student, metric beam balance (primer balance), vice,
screwdriver and a meter stick
Procedure:
1. Tie six string loops the size shown here.
2. Fill up your film canister and weigh it in grams.
Record the mass in the Newton Car Report Chart.
3. Set up your Newton Car as shown in the picture.
Slip the rubber band through the string loop. Stretch
the rubber band over the two screws and pull the
string back over the third screw. Place the rods 6
centimeters apart. Use only one rubber band the
first time.
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4. Put on your eye protection!
5. Light the string and stand back. Record the distance the car traveled on the chart.
6. Reset the car and rods. Make sure the rods are 6 centimeters apart! Use two rubber bands.
Record the distance the car travels.
7. Reset the car with three rubber bands. Record the distance it travels.
8. Refill the canister and record its new mass.
9. Test the car with the new canister and with one, two and three rubber bands. Record the distances
the car moves each time.
10. Plot your results on the graph. Use one line for the first set of measurements and a different
line for the second set.
Newton Car Report:
Team Members:
_____________________________________
_____________________________________
_____________________________________

_______________________________________
_______________________________________
_______________________________________

RUBBER BANDS

Mass 1
______
Grams

DISTANCE TRAVELED

1
2
3

Describe what happened when you tested the car with one, two and three rubber bands.
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________________

RUBBER BANDS

Mass 2
______
Grams

DISTANCE TRAVELED

1
2
3

Describe what happened when you tested the car with one, two and three rubber bands.
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Write a short statement explaining the relationship between the amount of mass in the canister, the
number of rubber bands, and the distance the car traveled.
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________

Mass 1= _______grams (weight)
Mass 2= _______grams (weight)

Number of Rubber Bands

3

2
SAMPLE GRAPH
1

0

50

100
150
Distance in Centimeters

nEXT, LET'S
READ ABOUT
ROCKET SYSTEMS
AND CONTROLS.
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200
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ROCKET SYSTEMS AND
CONTROLS

Important Terms
airframe - the shape of the rocket
control system - steers the rocket and keeps it stable
guidance system - gets the rocket to its destination; the brain of the rocket
payload - what the rocket is carrying
propulsion - everything associated with propelling the rocket
thrust - to force or push; the amount of push used to get a rocket traveling upwards
ROCKET SYSTEMS
Person or

Modern rockets consist of four major systems: airframe, Equipment
Payload
guidance, control and propulsion. These four systems work
Guidance
together to deliver the payload. The payload is defined as
System
whatever the rocket is carrying. For instance, the payload of a
AirControl
military rocket might be explosives, while the payload of a
frame
System
civilian rocket might be satellites. The astronauts and their data
Propellant
are also part of the payload.
The airframe provides the shape of the rocket and all of the
Propulsion
System
other systems are contained within it. The airframe must be lightweight, yet structurally strong. It must withstand heat, stress and a
lot of vibration. The primary objective in the design and
Major Systems of Rockets
construction of an airframe is to build a structure that will
withstand all anticipated stresses while using the least possible
weight. For example, the airframe of the Atlas rocket is
thinner than a dime. When the Atlas has no fuel aboard, it must
be pressurized to keep it from collapsing. The airframe is the
skin of the rocket and serves as the wall of the propellant tanks.
This eliminates the need for separate internal tanks and saves
in weight too.
The guidance system is the "brain" of a rocket. It is
responsible for getting the rocket and its payload to its
destination. In a military missile, the guidance system delivers
the warhead to its target. In a civilian rocket, the guidance
system is responsible for delivering the spacecraft to its proper
The Guidance System
orbit or destination.
The guidance system is small compared to the rest of the
rocket. This photo gives you an idea of its actual size as it sits
on top of the third stage of a rocket. It is a self-contained electronic unit with a computer. The
computer is programmed to guide the rocket on a desired trajectory. There is also a radio link
between the rocket's mission controllers and its guidance system. This allows changes to be made if
necessary.
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The control system takes the information from the guidance system and steers the rocket to its
destination. The control system also keeps the rocket stable. The control system is actually several
controls that work to stabilize and steer the rocket. These controls allow for changes to be made
during the rocket's flight.
Vanes, movable fins, gimbaled nozzles and attitude-control rockets are a few examples of
controls that can help steer or stabilize a rocket. Vanes are like small fins that are placed inside the
exhaust of the rocket engine. Tilting the vanes deflects the exhaust and changes the direction the
rocket is going.
A gimbaled nozzle is one that sways while the exhaust passes through it. This also changes a
rocket's direction. A rocket's movable fins can be tilted to change the
Payload
rocket's direction. The most commonly used are the attitude-control
Igniter
rockets. Small clusters of engines are mounted all around the
vehicle. By firing the right combination of these small rockets, the
Casing
(Body tube)
vehicle can be turned in any direction.
Core
The propulsion system consists of everything directly associated
Propellant
(Grain)
with propelling the rocket. This includes the propellant used, the
containers for the propellant and the engine. The propellant doesn't
Combustion
Chamber
mean just the fuel, but includes both the fuel and the oxidizer. The
Fins
fuel is the chemical the rocket burns and the oxidizer (oxygen) must
be present. Rockets must carry oxygen with them because there is
Throat
Nozzle
none in space.
There are two rocket propellants, liquid or solid. The solid Solid Fuel Propulsion System
propellant is carried in the combustion chamber and is much simpler
Payload
than the liquid propellant. The solid propellant is illustrated in the
picture on the right. The fuel is usually a mixture of hydrogen
Oxidizer
compounds and carbon, and the oxidizer is made up of oxygen
compounds.
The liquid propellant is much more complicated. Remember that
Fuel
solid rocket propellants were used for 700 years before the liquid
Pumps
propellant. Liquid propellants are carried in compartments separate
Injectors
from the combustion chamber, one for the fuel and one for the
Fins
oxidizer. The liquid propellant is usually kerosene or liquid
Combustion
Chamber
hydrogen; the oxidizer is usually liquid oxygen.
Nozzle
The liquid propellant is what is commonly used today. It is
Liquid Fuel Propulsion System
heavier than a solid propellant, but easier to control.
Most rockets today operate with either solid or liquid propellants.
The liquid propellant is heavier than a solid propellant, but easier to control.
See Activity One - 3-2-1 POP
Refer to the Activity Section at the end of the chapter for this activity.
See Activity Two - Bottle Rocket
Refer to the Activity Section at the end of the chapter for this activity.
See Activity Three - Altitude Tracking
Refer to the Activity Section at the end of the chapter for this activity.
See Activity Four - Goddard Rocket
Refer to the Activity Section at the end of the chapter for this activity.
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what did
you learn?

THINGS TO REMEMBER
1. Modern rockets consist of four major systems: airframe, guidance,
control and propulsion.
2. Whatever the rocket is carrying is called its payload.
3. The liquid propellant is the most commonly used propellant today. Most rockets today operate
with either solid or liquid propellants.
Be sure to perform these activities. They are fun and will help demonstrate some of the
important information you have learned in this volume. BE CAREFUL!

Let's go over
that one more
time.

REVIEW QUESTIONS
1. Which of the four major rocket systems provides the shape of the rocket?
a. Airframe
b. Guidance
c. Payload
d. Propulsion
2. Whatever the rocket is carrying is called the __________.
a. airframe
b. control
c. payload
d. propulsion
3. Which of the following systems is the brain of the rocket?
a. Airframe
b. Guidance
c. Payload
d. Propulsion
4. What system steers the rocket and keeps it stable?
a. Control
b. Guidance
c. Propulsion
d. Payload
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ACTIVITY SECTION
Activity One - 3-2-1 POP
Materials: heavy paper (60-110 index stock or construction paper), plastic 35
mm canister, student sheets, cellophane tape, scissors, effervescing antacid
tablet, paper towels, water and eye protection
Procedure:
1. Wrap and tape a tube of paper around the film canister. The lid end of the
canister goes down.
2. Tape fins to your rocket.
3. Roll a cone of paper and tape it to the rocket's upper end.
4. Ready for flight.

Tape

Cone Pattern
(Cone can be
any size)

Lid

Overlap this
edge to form
cone

Countdown
1. Put on your eye protection.
2. Turn the rocket upside down and fill the canister one-third
full of water.
Work quickly on these next steps!
3. Drop in ½ of the antacid tablet.
4. Snap lid on tight.
5. Stand rocket on launch platform.
6. Stand back.
LIFT OFF!
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that's my
kind of rocket!

ActivityTwo - Bottle Rocket and Bottle Rocket Launcher
Materials for Building Bottle Rocket: 2-liter plastic soft drink bottles, low-temperature glue guns,
poster board, tape, modeling clay, scissors, safety glasses, decals, stickers, marker pens, launch pad
from the bottle rocket launcher. Begin saving 2-liter bottles several days or weeks in advance so that
you will have enough for your cadets. You also need a bottle rocket launcher to complete this
activity. Instructions for building the launcher are below.

Glu

Wrap and glue or tape a tube of poster board around the 2 liter bottle.
Cut out several fins of any shape and glue them to the tube.
Form a nose cone and hold it together with tape or glue.
Press a ball of modeling clay into the top of the nose cone.
Glue or tape nose cone to upper end of bottle.
Decorate your rocket.

Hot

1.
2.
3.
4.
5.
6.

e

Procedure:

Materials for Bottle Rocket Launcher: four 5" corner irons with 12 3/4" wood screws, one 5"
mounting gate, two 6" spikes, two 10" spikes or metal tent stakes, two 5"x1/4" carriage bolts with 6
¼" nuts, one 3" eyebolt with two nuts and washers, four 3/4" diameter washers to fit bolts, one #3
rubber stopper with a single hole, one snap-in tubeless tire valve, wood board 12"x18"x3/4", a 2-liter
plastic bottle, electric drill and bits including a 3/8" bit, screw driver, pliers or open-end wrench to fit
nuts, vice, 12' of ¼" cord and a pencil
Procedure:
1. Prepare the rubber stopper by enlarging the hole with a drill. Grip the stopper lightly with a vice
and
gently enlarge the hole with a 3/8" bit and electric drill. The rubber will stretch
during cutting,
making the finished hole somewhat less than 3/8".
2. Remove the stopper from the vice and push the needle valve end of the tire stem through the
stopper
from the narrow end to the wide end.
3. Prepare the mounting plate by drilling a 3/8" hole through the center of the plate. Hold the plate
with a vice during drilling and put on eye protection. Enlarge the holes at the opposite ends of the
plates, using a drill bit slightly larger than the holes to do this. The holes must be large enough to
pass the carriage bolts through them. (See diagram below.)
4. Lay the mounting plate in the center of the wood base and mark the centers of the two outside
holes that you enlarged. Drill holes through the wood big
Carriage
Rubber
Bolt
enough to pass the carriage bolts through.
Stopper
Tire
Stem
5. Push and twist the tire stem into the hole you drilled in
Nut
the center of the mounting plate. The fat end of the
stopper should rest on the plate.
Washer
Mounting
Nut
6. Insert the carriage bolts through the wood base from the
Plate
Attach Bicycle
Pump Here
bottom up. Place a hex nut over each bolt and tighten
the nut so that the bolt head pulls into the wood.
7. Screw a second nut over each bolt and spin it about halfWood Base
way down the bolt. Place a washer over each nut and
Attachment of Mounting Plate and Stopper
then slip the mounting plate over the two bolts.
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8. Press the neck of a 2-liter plastic bottle over the
stopper. You will be using the bottle's wide neck lip for
measuring in the next step.
9. Setup two corner irons so they look like bookends.
Corner
Insert
a spike through the top hole of each iron.
Iron
Carriage
Slide
the
irons
near the bottle neck so that the spike rests
Mounting
Bolt
Plate
immediately above the wide neck lip. The spike will hold
the bottle in place while you pump up the rocket. If the
bottle is too low, adjust the nuts beneath the mounting
plate on both sides to raise it.
Wood Base
10. Setup the other two corner irons as you did in the
Positioning Corner Irons
previous step. Place them on the opposite side of the
bottle. When you have the irons aligned so that the spikes rest above and hold the bottle lip, mark
the centers of the holes on the wood base. For more precise screwing, drill small pilot holes for
each screw and then screw the corner irons tightly to the base on the opposite side of the bottle.
When you have the irons aligned so that the spikes rest above and hold the bottle lip, mark the
centers of the holes on the wood base. For more precise screwing, drill small pilot holes for each
screw and then screw the corner irons tightly to the base.
11. Install an eye bolt to the edge of the opposite holes for the hold down spikes. Drill a hole and
hold the bolt in place with washers and nuts on top and bottom.
12. Attach the launch "pull cord" to the head end of each spike. Run the cord through the
eye bolt.
13. Make final adjustments to the launcher by attaching the pump to the tire stem and pumping
up the
bottle. Refer to the launching instructions for safety notes. If the air seeps out
around the
stopper, the stopper is too loose. Use a pair of pliers or a wrench to raise each
side of the
mounting plate, in turn, to press the stopper with slightly more force to the
bottle neck. When
satisfied with the position, thread the remaining hex nuts over the mounting
plate and tighten them to hold the plate in position.
14. Drill two holes through the
wood base along one
side. The holes should be
large enough to fit
large metal tent stakes.
Hold Down
When the launch
Launch
Spike
pad is setup on a grassy
Release
field, the stakes will
Cord
hold the launcher in place
when you yank the pull
cord.
The launcher is
now complete.
Bottle
Neck

Hold Down
Bar

To Pump
Completed Launcher Ready for Firing.
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Launch Safety Instructions:
1. Select a grassy field that measures approximately 30 meters across. Place the launcher in the
center of the field and anchor it in place with the spikes or tent stakes. If it is a windy day,
place the launcher closer to the side of the field from where the wind is coming so that the
rocket will drift onto the field as it comes down.
2. Have each student or student group setup their rocket on the launch pad. Other students
should stand back several meters. It will be easier to keep observers away by roping off
the
launch site.
3. After the rocket is attached to the launcher, the student pumping the rocket should put on eye
protection. The rocket should be pumped no higher than about 50 pounds of pressure per
square inch.
4. When pressurization is complete, all students should stand in back of the rope for the
countdown.
5. Before conducting the countdown, be sure the place where the rocket is expected to come
down is clear of people. Launch the rocket when the recovery range is clear.
6. Only permit the students launching the rocket to retrieve it.
Activity Three - Altitude Tracking
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Constructing theAltitude Tracker Scope
1. Glue the altitude tracker pattern onto a piece
of cardboard. Do not glue the dotted portion
of the tracker above the dashed line.
2. Cut out the pattern and cardboard along
the outside edges.
3. Roll the part of the pattern not glued to the
cardboard into a tube and tape it as shown in
the illustration.
4. Punch a tiny hole in the apex of the protractor
quadrant.
5. Slip a thread or lightweight string through the
hole. Knot the thread or string on the back
side.
6. Complete the tracker by hanging a small
washer from the other end of the thread as
shown in the diagram to the right.
Procedure:

90

Procedure:

Roll this section over and tape the
upper edge to the dashed line.
Shape the section into a sighting tube.

e
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Materials:
altitude tracker pattern, altitude
calculator pattern, thread or lightweight string,
scrap cardboard or poster board, glue, cellophane
tape, small washer, brass paper fastener, scissors,
razor blade knife and cutting surface, meter stick
or metric, rocket and launcher
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Altitude Tracker

Altitude Tracker Pattern
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Using theAltitude Tracker
1. Setup a tracking station location a short distance
away from the rocket launch site. Depending upon
the expected altitude of the rocket, the tracking
station should be 5, 15 or 30 meters away. Generally,
a 5-meter distance is sufficient for paper rockets and
antacid-power rockets. A 15-meter distance is
sufficient for bottle rockets, and a 30-meter
distance is sufficient for model rockets.
2. As a rocket launches, the person doing the tracking
will follow the flight with the sighting tube on the
tracker. The tracker should be held like a pistol and
kept at the same level as the rocket when it is
launched. Continue to aim the tracker at the highest
point the rocket reached in the sky. Have a second
student read the angle that the thread or string makes
with quadrant protractor. Record the angle.
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Using the Altitude Tracker

Procedure:
Constructing theAltitude Calculator
1. Copy the two patterns for the altitude calculator onto heavyweight paper or glue the patterns on
to lightweight poster board. Cut out the patterns.
2. Place the top pattern on a cutting surface and cut out the three windows.
3. Join the two patterns together where the center marks are located. Use a brass paper fastener to
hold the pieces together. The pieces should rotate smoothly.
(See next page for pattern.)
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Determining theAltitude
1. Use the Altitude Calculator to determine the
height the rocket reached. To do so, rotate the
inner wheel of the calculator so that the nose of
the rocket pointer is aimed at the angle
measured in Step 2 of the
previous procedure.
2. Read the altitude of the rocket by looking in the
window. If you use a 5-meter baseline,
the
altitude the rocket reached will be in the
window beneath the 5. To achieve a more
accurate
measure, add the height of the
person holding
the tracker to calculate
altitude. If the angle
falls between
two-degree marks, average the
altitude
numbers above and below the
marks.
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Directions:
1. Rotate the nose of the rocket
to the angle you measured.
BASELINE

5 15 30 m

+

cut
out

cut
out

cut
out

2. Look at the number in the window
for the distance of the tracking
station location from the launch site.
The number will tell you the
altitude of the rocket in meters.

Altitude Calculator front
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Activity Four - Goddard rocket
Materials: 14 " length of 1 -3/4" outside diameter foam pipe insulation, a foam meat tray for fin
templates, a # 64 rubber band for propulsion, a nylon cable tie to tie the rubber band in the fuselage
of the rocket, and a hot glue gun to bond the foam parts together.
Procedure:
1. Copy the template on a copy machine.
2. Place the fin template on the foam meat tray and cut out fins.
3. Hot glue the foam fins to the fuselage by putting the hot glue on the fin only and placing it on the
fin guide.
4. Tie a knot in the rubber band and insert the knot end
into the fuselage.
5. Pull a cable tie around the nose with the end of the
rubber band hanging out and cinch it down tight. Clip
the remaining tail of the cable tie. Then let her fly!!!

Goddard Rocket Fins
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Goddard Rocket Assembly

Fin Guide
Fin
The rubber band is
inserted in the fuselage
and secured with a
cable tie.

Fu

se

e
lag

When mounting fins, use the
hot glue on the meat tray foam,
not on the black insulation.

Close cable tie then snip off extra
piece using toenail clippers.
Cable Tie

Wrap this guide around the 3/4" outside diameter pipe foam tube a little more than 3 "
from the rocket's tail pipe. The two ends should meet at the seam of the foam tube.
Put a small piece of tape on this guide to hold it in place. Hot glue one rocket fin
on to the seam of the foam tube. The arrows show where the other two fins should
be mounted.
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