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An Educator’s Guide with Activities in Science and Mathematics

Overview: Science Module

Introduction

In Ares: Launch and Propulsion, students become familiar with how rockets are launched. They also learn how
and why specific rockets are chosen for various payloads. This module gives students a hands-on opportunity to
experiment with variables that might affect the performance of a launch vehicle. Working in teams, students inves-
tigate one variable in detail by performing tests. By completing these tests, students will learn the various aspects
involved in launching a rocket. In the assessment, students engage in a competition wherein they apply what they
have learned about rockets to build a launch vehicle that flies as high as possible.

Curriculum Connections

This module contains fourteen hands-on activities for students. Through effective questioning, teachers facilitate
students developing awareness of Newton’s Laws of Motion as they apply to rockets. Correlations to National
Standards are noted for each activity.

Teacher Guide Descriptions

Pop Rocket Variables: In this introductory activity, students study the concept of variables in relationship
to launching pop rockets. Students will complete a concept map to demonstrate their knowledge of rockets.

Pop Goes Newton: Students continue to study the concept of variables in relation to launching pop rockets.
The lesson has the students applying each of Newton’s Laws of Motion to the “Pop Rocket Variable” activity.

The History of Rocketry: In this activity, students create a multiple tiered timeline on the history of rocketry
from ancient times through the Ares Projects.

Launching Ares: The student activities in the “Launching Ares” section can be used to create interest in why
the Ares missions are critical for returning to the Moon. Students work in groups to determine how to transport
construction items and determine the payload and sequence for the transportation.

Investigating Water Rockets: In both the abbreviated and comprehensive approach students will get a complete
overview of the safety issues with building and launching rockets. Students will complete activities on measuring
altitude, fin shape and size, propulsion, and more.

Fly Me High: During this performance assessment, students will work in their design groups to design, build,
and test launch a water rocket. Students will share their findings with the rest of the class.

You Get What You Pay For: This optional activity incorporates an economic component into the module.
Students will be given a budget of $150,000 to spend on subcontractors and materials for construction.

Role of Student

Students will work in teams to learn about various aspects of launching a water rocket related to propulsion.
Students will investigate the shape, size, number, and placement of fins, as well as the nose cone shapes.
Students then take the information learned in the expert groups back to their design group in order to design
and build a water rocket that will fly as high as possible.

Overview: Science Module v
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Multimedia Files

NASA Ares | Crew Launch Vehicle: Video with Bob Armstrong.
NASA Ares V Cargo Launch Vehicle: Video with Bob Armstrong.
Why Two Rockets? Video with Bob Armstrong.

Getting Ready for Launch: Video with Joel Best.

Why Go to the Moon? Video with Joel Best.

Launch Period vs. Launch Window: Audio with Kris Walsh.
Mission Integration Managers: Audio with Kris Walsh.

The multimedia files were developed especially for this module and are to be used as background information
for the teacher and in conjunction with the classroom lessons. They can be downloaded along with the module.
The video segments are also available online at:

http://www.nasa.gov/mission_pages/constellation/ares/ares_education.html

Interaction/Synthesis

In this phase of the learning cycle, student/peer interactions are emphasized. These activities contain work to

be done in expert groups, with the whole class participating in the safety rules found in the appendices. Once
students have had time to explore the rocket variables in these activities, they return to their original design groups
to build and test their water rockets.

Teachers have two options for implementing this Interaction/Synthesis activity: a comprehensive version in which
each design (expert) team studies different variables and a more abbreviated version with fewer variables to inves-
tigate, some of which are studied collectively as a class, thereby requiring less class time and teacher preparation.
The following synopsis of the two approaches will enable teachers to choose what best meets their needs.

Interaction/Synthesis Assessment Comprehensive Approach Abbreviated Approach
Safety Rules/Safety Checklist Yes Yes
Measuring Altitude Yes Yes
Nose Cone Group Yes No

(While the nose cone is not tested, it should be
constructed for the final assessment)

Fin Number and Placement Yes No
Fin Shape and Size Yes Yes
Volume of Water Yes Yes
Individually in expert groups As a class
Pressure of Water Yes No
Weather or Not Yes No
You Get What You Pay For Optional No
Fly Me High (Assessment) Yes Yes

In the assessment activity, “Fly Me High,” students are asked to combine what they have learned in this module with
the skills needed to launch a water rocket to as high an altitude as possible. In the optional activity, “You Get What
You Pay For,” students are responsible for building a budget for the activities undertaken in both the Interaction/
Synthesis and assessment sections of this module.

vi Overview: Science Module
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Curriculum Gonnections

National Science Standards Addressed
Grades 5-8

Science as Inquiry
Understandings about scientific inquiry.
Abilities necessary to do scientific inquiry.
Physical Science
Properties and changes of properties in matter.
Motion and forces.
Interactions of matter and energy.
Science and Technology
Understandings about science and technology.
Abilities of technological design.
History and Nature of Science
History of science.
Science as a human endeavor.
Science in Personal and Social Perspectives
Science, technology, and society.
Personal health.

Grades 9-12
Science as Inquiry
Understandings about scientific inquiry.
Abilities necessary to do scientific inquiry.
Physical Science
Structure and properties of matter.
Chemical reactions.
Motion and forces.
Science and Technology
Understandings about science and technology.
Abilities of technological design.
History and Nature of Science
Historical perspectives.
Science in personal and social perspectives.
Personal and community health.

Mathematics Standards Addressed

Grades 6-8

Number and Operations
Compute fluently and make reasonable estimates.

Measurement Standard
Understand measurable attributes of objects and
the units, systems, and processes of measurement.
Apply appropriate techniques, tools, and formulas
to determine measurements.

Problem Solving Standard
Solve problems that arise in mathematics and in
other contexts.

Overview: Science Module

Grades 9-12
Measurement Standard
Understand measurable attributes of objects and
the units, systems, and processes of measurement.
Problem Solving
Solve problems that arise in mathematics and in
other contexts.

National Educational Technology Standards
Addressed

Grades 6-8

Technology Standards
Use content specific tools, software, and simulations
to support learning and research.
Collaborate with peers, experts, and others using
telecommunications and collaborative tools to inves-
tigate curriculum-related problems, issues, and
information, and to develop solutions or products
or audiences inside and outside the classroom.

Grades K-12
Technology Standards
Technology productivity tools.
Technology Research Tools
Students use technology to locate, evaluate,
and collect information from a variety of sources.
Technology Problem-solving and Decision-
making Tools
Students use technology resources for solving
problems and making informed decisions.

Economic Standards Addressed

Grades 6-8
Understands that scarcity of productive resources
requires choices that generate opportunity costs.
Knows that all decisions involve opportunity costs
and that effective economic decision-making
involves weighing the costs and benefits associated
with alternative choices.
Understands that the evaluation of choices and
opportunity costs is subjective and differs across
individuals and societies.

History Standards Addressed

Grades 6-8

Historical Understanding
Understands and knows how to analyze
chronological relationships and patterns.
Knows how to construct and interpret multiple-tier
time lines.

vii
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Rocket Principles

A rocket, in its simplest form, is a chamber enclosing a gas Outside Air Pressure
under pressure. A small opening at one end of the chamber

allows the gas to escape, which provides thrust to propel

the rocket in the opposite direction. A good example of this

is a balloon. The balloon’s rubber walls compress air inside I

a balloon. The air pushes back so that the inward and \ o
outward pressing forces balance. When the nozzle is Inside Air Pressure
released, air escapes through it, and the balloon is
propelled in the opposite direction.

Balloon Moves| [ Air Moves

When we think of rockets, we rarely think of balloons. —_—
Instead, our attention is drawn to the giant vehicles

that carry satellites into orbit and spacecraft to the Moon
and planets. Nevertheless, there is a strong similarity
between the two. The only significant difference is in the
way the pressurized gas is produced. With space rockets,
burning propellants, which can be either solid, liquid, or

a combination of the two, produce the gas. 1

One of the interesting facts about the historical development
of rockets is that while rockets and rocket-powered devices have been in use for more than 2000 years, it has been
only in the last 300 years that rocket experimenters have had a scientific basis for understanding how they work.

The science of rocketry began with the publication of a book in 1687 by the great English scientist Sir Isaac
Newton. His book, entitled Philosophiae Naturalis Principia Mathematica (Principia: Mathematical Principles

of Natural Philosophy), described physical principles in nature. Today, Newton’s work is usually just called the
Principia.

In the Principia, Newton stated three important scientific principles that govern the motion of all objects, whether
on Earth or in space. Knowing these principles, now called Newton’s Laws of Motion, rocketeers have been able to
construct the modern giant rockets such as the Saturn V and the Space Shuttle of the 20th century. Here now, in
simple form, are Newton’s Laws of Motion:

1. Objects at rest will stay at rest, and objects in motion will stay in motion in a straight line, unless acted
upon by an unbalanced force.

2. Force is equal to mass times acceleration. F = ma

3. For every action, there is always an opposite and equal reaction. As will be explained shortly, all three
laws are really simple statements of how things move. But with them, precise determinations of rocket
performance can be made.

Newton’s First Law

This Law of Motion is just an obvious statement of fact, but to know what it means, it is necessary to understand
the terms rest, motion, and unbalanced force.

Rest and motion can be thought of as being opposite to each other. Rest is the state of an object when it is not
changing position in relation to its surroundings. If you are sitting still in a chair, you can be said to be at rest. This
term, however, is relative. Your chair may actually be one of many seats on a speeding airplane. The important

viii Rocket Principles
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thing to remember here is that you are not moving in relation to your immedi-
ate surroundings. If rest were defined as a total absence of motion, it would
not exist in nature. Even if you were sitting in your chair at home, you would
still be moving, because your chair is actually sitting on the surface of a
spinning planet that is orbiting a star. The star is moving through a rotat-

ing galaxy that is, itself, moving through the universe. While sitting “still,”

you are, in fact, traveling at a speed of hundreds of miles or kilometers per
second.

Ball at Rest

Motion is also a relative term. All matter in the universe is moving all the
time, but in the First Law, motion here means changing position in rela-
tion to surroundings. A ball is at rest if it is sitting on the ground. The ball

is in motion if it is rolling. A rolling ball changes its position in relation to its
surroundings. When you are sitting on a chair in an airplane, you are at rest,
but if you get up and walk down the aisle, you are in motion. A rocket blast-
ing off the launch pad changes from a state of rest to a state of motion.

The third term important to understanding this law is unbalanced force. If
you hold a ball in your hand and keep it still, the ball is at rest. However, all
the time the ball is held there, forces are acting upon it. 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. Later, when the rocket runs out
of fuel, it slows down, stops at the highest point of its flight, and then falls back to Earth.

Objects in space also react to forces. A spacecraft moving through the solar system is in constant motion. The
spacecraft will travel in a straight line if the forces on it are in balance. This happens only when the spacecraft is
very far from any large gravity source, such as Earth or the other planets and their Moons. If the spacecraft comes
near a large body in space, the gravity of that body will unbalance the forces and curve the path of the spacecraft.
This happens, in particular, when a satellite is sent by a rocket on a path that is tangent to the planned orbit about
a planet. The unbalanced gravitational force causes the satellite’s path to change to an arc. The arc is a combina-
tion of the satellite’s fall inward toward the planet’s center and its forward motion. When these two motions are just
right, the shape of the satellite’s path matches the shape of the body it is traveling around. Consequently, an orbit
is produced. Since the gravitational force changes with height above a planet, each altitude has its own unique
velocity that results in a circular orbit. Obviously, controlling velocity is extremely important for maintaining the
circular orbit of the spacecraft. Unless another unbalanced force, such as friction with gas molecules in orbit or
the firing of a rocket engine in the opposite direction, slows down the spacecraft, it will orbit the planet forever.

Now that the three major terms of this First Law have been explained, it is possible to restate this law. If an object,
such as a rocket, is at rest, it takes an unbalanced force to make it move. If the object is already moving, it takes
an unbalanced force, to stop it, change its direction from a straight-line path, or alter its speed.

Newton’s Third Law

For the time being, we will skip the Second Law and go directly to the third. This law states that every action has
an equal and opposite reaction.

Rockets 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 whole process is very similar to riding a skateboard. Imagine that a skate-
board and rider are in a state of rest (not moving). The rider jumps off the skateboard. In the Third Law, the jumping
is called an action. The skateboard responds to that action by traveling some distance in the opposite direction.
The skateboard’s opposite motion is called a reaction. When the distance traveled by the rider and the skateboard
are compared, it would appear that the skateboard has had a much greater reaction than the action of the rider.

Rocket Principles ix
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This is not the case. The reason the

skateboard has traveled farther is

that it has less mass than the rider. Action
This concept will be better explained
in a discussion of the Second Law.

With rockets, the action is the expel-

ling 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, Reacti \
; eaction

from the engine must be greater than

the weight of the rocket. While on '

the pad, the weight of the rocket is

balanced by the force of the ground pushing against it. Small amounts of thrust result in less force required by the

ground to keep the rocket balanced. Only when the thrust is greater than the weight of the rocket does the force

become unbalanced and the rocket lifts off. In space, where unbalanced force is used to maintain the orbit, even

tiny thrusts will cause a change in the unbalanced force and result in the rocket changing speed or direction.

One of the most commonly asked questions about rockets is how they can work in space where there is no air

for them to push against. The answer to this question comes from the Third Law. Imagine the skateboard again.
On the ground, the only part air plays in the motions of the rider and the skateboard is to slow them down. Moving
through the air causes friction, or as scientists call it, drag. The surrounding air impedes the action-reaction. As a
result rockets actually work better in space than they do in air. As the exhaust gas leaves the rocket engine it must
push away the surrounding air; this uses up some of the energy of the rocket. In space, the exhaust gases can
escape freely.

Newton’s Second Law

This Law of Motion is essentially a statement of a mathematical equation. The three parts of the equation are mass
(m), acceleration (a), and force (F). Using letters to symbolize each part, the equation can be written as follows:

F=ma

The equation reads “force equals mass times acceleration.” To explain this law, we will use an old-style cannon

as an example. When the cannon is fired, an explosion propels a cannonball out the open end of the barrel. It

flies a mile or kilometer or two to its target. At the same time, the cannon itself is pushed backward a few yards

or meters. This is action and reaction at work (Third Law). The force acting on the cannon and the ball is the same.
The Second Law determines what happens to the cannon and the ball.

Look at the following two equations.

Force equals the mass of the cannon times the acceleration of the cannon.
F=ma
Force equals the mass of the ball times the acceleration of the ball.
F=ma

The first equation refers to the cannon and the second to the cannonball. In the first equation, the mass is
the cannon itself, and the acceleration is the movement of the cannon. In the second equation, the mass is
the cannonball, and the acceleration is its movement. Because the force (exploding gun powder) is the same
for the two equations, the equations can be combined and rewritten as follows:

The mass of the cannon times the acceleration of the cannon
equals the mass of the ball times the acceleration of the ball.
ma =ma

X Rocket Principles
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In order to keep the two sides of the equations equal, the accelerations vary with mass. In other words, the cannon
has a large mass and a small acceleration. The cannonball has a small mass and a large acceleration.

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.

" —4

Some interesting things happen with rockets that do not happen with the cannon and ball in this example. With
the cannon and cannon ball, the thrust lasts for just a moment. The thrust for the rocket continues as long as its
engines are firing. Furthermore, the mass of the rocket changes during flight. lts mass is the sum of all its parts.
Rocket parts include engines, propellant tanks, payload, control system, and propellants. By far, the largest part
of the rocket’s mass is its propellants, but that amount constantly changes as the engines fire. That means that
the rocket’s mass gets smaller during flight. In order for the left side of our equation to remain in balance with the
right side, acceleration of the rocket has to increase as its mass decreases. That is why a rocket starts off moving
slowly and goes faster and faster as it climbs into space.

Newton’s Second Law of Motion is especially useful when designing efficient rockets. To enable a rocket to climb
into low Earth orbit, it is necessary to achieve a speed in excess of 17,398 miles (28,000 kilometers) per hour.

A speed of over 25,010 miles (40,250 kilometers) per hour, called “escape velocity,” enables a rocket to leave
Earth and travel out into deep space. Attaining space flight speeds require the rocket engine to achieve the great-
est action force possible in the shortest time. In other words, the engine must burn a large mass of fuel and push
the resulting gas out of the engine as rapidly as possible. Ways of doing this will be described in the next chapter.
Newton’s Second Law of Motion can be restated in the following way: the greater the mass of rocket fuel burned
and the faster the gas produced can escape the engine, the greater the thrust of the rocket.

Putting Newton’s Laws of Motion Together

An unbalanced force must be exerted for a rocket to lift off from a launch pad or for a craft in space to change
speed or direction (First Law). The amount of thrust (force) produced by a rocket engine will be determined by
the rate at which the mass of the rocket fuel burns and the speed of the gas escaping the rocket (Second Law).
The reaction, or motion, of the rocket is equal to and in the opposite direction of the action, or thrust, from the
engine (Third Law).

Bottle rockets are excellent devices for investigating Newton’s Three Laws of Motion. The rocket will remain on
the launch pad until an unbalanced force is exerted propelling the rocket upward (First Law). The amount of force
depends upon how much air you pumped inside the rocket (Second Law). You can increase the force further

by adding a small amount of water to the rocket. This increases the mass the rocket expels by the air pressure.
Finally, the action force of the air (and water) as it rushes out the nozzle creates an equal and opposite reaction
force propelling the rocket upward (Third Law).

Rocket Principles Xi
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Practical Rocketry

The first rockets ever built, the fire-arrows of the Chinese, were not very reliable. Fire-arrows flew on erratic
courses and often landed in the wrong place. Being a rocketeer in the days of the fire-arrows must have been an
exciting, but also a highly dangerous activity. Today, rockets are much more reliable. They fly on precise courses
and are capable of going fast enough to escape the gravitational pull of Earth. Modern rockets are also more
efficient today because we have an understanding of the scientific principles behind rocketry. Our understanding
has led us to develop a wide variety of advanced rocket hardware and devise new

propellants that can be used for longer trips and more powerful takeoffs.

Rocket Engines and Their Propellants

Most rockets today operate with either solid or liquid propellants. Ares uses both.
The word propellant does not mean simply fuel, as you might think; it means both
fuel and oxidizer. The fuel is the chemical the rocket burns, but for burning to take Payload ——————
place, an oxidizer (oxygen) must be present. Jet engines draw oxygen into their
engines from the surrounding air. Rockets do not have the luxury that jet planes
have; they must carry oxygen with them into space, where there is no air.

Solid rocket propellants, which are dry to the touch, contain both the fuel and
oxidizer combined together in the chemical itself. Usually the fuel is a mixture
of hydrogen compounds and carbon, and the oxidizer is made up of oxygen
compounds. Liquid propellants, which are often gases that have been chilled
until they turn into liquids, are kept in separate containers, one for the fuel and

the other for the oxidizer. Just before firing, the fuel and oxidizer are mixed Igniter
together in the engine. ) |

Casing
A solid-propellant rocket has the simplest form of engine. It has a nozzle, a case, (body tube)
insulation, propellant, and an igniter. The case of the engine is usually a relatively
thin metal that is lined with insulation to keep the propellant from burning through. Core
The propellant itself is packed inside the insulation layer.

Propellant |
Many solid-propellant rocket engines feature a hollow core that runs through the (grain)
propellant. Rockets that do not have the hollow core must be ignited at the lower
end of the propellants and burning proceeds gradually from one end of the rocket
to the other. In all cases, only the surface of the propellant burns. However, to get
higher thrust, the hollow core is used. This increases the surface of the propel-
lants available for burning. The propellants burn from the inside out at a much Combustion
higher rate, sending mass out the nozzle at a higher rate and speed. This results Chamber
in greater thrust. Some propellant cores are star shaped to increase the burning
surface even more. Fi
ins

To ignite solid propellants, many kinds of igniters can be used. Fire-arrows were
ignited by fuses, but sometimes these ignited too quickly and burned the rock-
eteer. A far safer and more reliable form of ignition used today is one that employs
electricity. An electric current, coming through wires from some distance away, Nozzle
heats up a special wire inside the rocket. The wire raises the temperature of the Throat

propellant, with which it is in contact, to the combustion point. Solid Propellant Rocket

Xii Practical Rocketry
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Other igniters are more advanced than the hot wire device. Some are encased
in a chemical that ignites first, which then ignites the propellants. Still other
igniters, especially those for large rockets, are rocket engines themselves.
The small engine inside the hollow core blasts a stream of flames and hot

gas down from the top of the core and ignites the entire surface area of the
propellants in a fraction of a second.

The nozzle in a solid-propellant engine is an opening at the back of the rocket
that permits the hot expanding gases to escape. The narrow part of the
nozzle is the throat. Just beyond the throat is the exit cone.

The purpose of the nozzle is to increase the acceleration of the gases as they
leave the rocket and thereby maximize the thrust. It does this by cutting down
the opening through which the gases can escape. To see how this works, you
can experiment with a garden hose that has a spray nozzle attachment. This
kind of nozzle does not have an exit cone, but that does not matter

in the experiment. The important point about the nozzle is that

the size of the opening can be varied.

Start with the opening at its widest point. Watch how far the
water squirts and feel the thrust produced by the departing
water. Now reduce the diameter of the opening,
and again note the distance the water squirts
and feel the thrust. Rocket nozzles work the
same way.

Ares |

As with the inside of the rocket case, insulation is needed to protect the nozzle from
the hot gases. The usual insulation is one that gradually erodes as the gas passes
through. Small pieces of the insulation get very hot and break away from the nozzle.
As they are blown away, heat is carried away with them.

The other main kind of rocket engine is one that uses liquid propellants, which may
be either pumped or fed into the engine by pressure. This is a much more compli-
cated engine, as is evidenced by the fact that solid rocket engines were used for
at least seven hundred years before the first successful liquid engine was tested.
Liquid propellants have separate storage tanks — one for the fuel and one for the
oxidizer. They also have a combustion chamber and a nozzle.

The fuel of a liquid-propellant rocket is usually kerosene or liquid hydrogen; the
oxidizer is usually liquid oxygen. They are combined inside a cavity called the
combustion chamber. Here the propellants burn and build up high temperatures
and pressures, and the expanding gas escapes through the nozzle at the lower
end. To get the most power from the propellants, they must be mixed as completely
as possible. Small injectors (nozzles) on the roof of the chamber spray and mix the
propellants at the same time. Because the chamber operates under high pressures,
the propellants need to be forced inside. Modern liquid rockets use powerful, light-
weight turbine pumps to take care of this job.

With any rocket, and especially with liquid propellant rockets, weight is an important
factor. In general, the heavier the rocket, the more the thrust needed to get it off the
ground. Because of the pumps and fuel lines, liquid engines are much heavier than
solid engines.

One especially good method of reducing the weight of liquid engines is to make the
exit cone of the nozzle out of very lightweight metals. However, the extremely hot,
fast-moving gases that pass through the cone would quickly melt thin metal. There-
fore, a cooling system is needed. A highly effective, though complex, cooling system
that is used with some liquid engines takes advantage of the low temperature of
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liquid hydrogen. Hydrogen becomes a liquid when it is chilled to 423 degrees below zero (-253° C). Before injecting
the hydrogen into the combustion chamber, it is first circulated through small tubes that lace the walls of the exit
cone. In a cutaway view, the exit cone wall looks like the edge of corrugated cardboard. The hydrogen in the tubes
absorbs the excess heat entering the cone walls and prevents it from melting the walls away. It also makes the
hydrogen more energetic because of the heat it picks up. We call this kind of cooling system regenerative cooling.

Engine Thrust Control

Controlling the thrust of an engine is very important to launching payloads (cargoes) into orbit. Thrusting for too
short or too long of a period of time will cause a satellite to be placed in the wrong orbit. This could cause it to
go too far into space to be useful or make the satellite fall back to Earth. Thrusting in the wrong direction or at
the wrong time will result in a similar situation.

A computer in the rocket’s guidance system determines when that thrust is q
needed and turns the engine on or off appropriately. Liquid engines do this

by simply starting or stopping the flow of propellants into the combustion

chamber. On more complicated flights, such as going to the Moon, the

engines must be started and stopped several times.

Some liquid-propellant engines control the amount of engine thrust by varying
the amount of propellant that enters the combustion chamber. Typically the
engine thrust varies for controlling the acceleration experienced by astronauts
or to limit the aerodynamic forces on a vehicle.

Payload

Solid-propellant rockets are not as easy to control as liquid rockets. Once
started, the propellants burn until they are gone. They are very difficult to stop
or slow down part way into the burn. Sometimes fire extinguishers are built
into the engine to stop the rocket in flight, but using them is a tricky procedure
and does not always work. Some solid-fuel engines have hatches on their
sides that can be cut loose by remote control to release the chamber pressure
and terminate thrust.

The burn rate of solid propellants is carefully planned in advance. The hollow
core running the length of the propellants can be made into a star shape. At
first, there is a very large surface available for burning, but as the points of -
the star burn away, the surface area is reduced. For a time, less of the propel-
lant burns, and this reduces the level of thrust. The Space Shuttle uses this
technique to reduce vibrations early in its flight into orbit.

Oxidizer

Note: Although most rockets used by governments and research organiza-
tions are very reliable, there is still great danger associated with the building
and firing of rocket engines. Individuals interested in rocketry should never
attempt to build their own engines. Even the simplest-looking rocket engines
are very complex. Case-wall bursting strength, propellant packing density,
nozzle design, and propellant chemistry are all design problems beyond the
scope of most amateurs. Many homebuilt rocket engines have exploded in
the faces of their builders with tragic consequences. Pumps

Fuel

- Injectors
Stability and Control Systems
Building an efficient rocket engine is only part of the problem in producing a Combustion
successful rocket. The rocket must also be stable in flight. A stable rocket is Chamber

one that flies in a smooth, uniform direction. An unstable rocket flies along an
erratic path, sometimes tumbling or changing direction. Unstable rockets are —/l |

Fins

dangerous because it is not possible to predict where they will go. They may
even turn upside down and suddenly head back directly to the launch pad. Nozzle

Liquid Propellant Rocket
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Making a rocket stable requires some form of control system. Controls can be either
active or passive. The difference between these and how they work will be explained
later. It is first important to understand what makes a rocket stable or unstable.

All matter, regardless of size, mass, or shape, has a point inside called the center of Roll
mass (CM). The CM is the exact spot where all of the mass of that object is perfectly —
balanced. You can easily find the center of mass of an object such as a ruler by
balancing the object on your finger. If the material used to make the ruler is of uniform
thickness and density, the center of mass should be at the halfway point between one
end of the stick and the other. If the ruler were made of wood, and a heavy nail were
driven into one of its ends, the center of mass would no longer be in the middle. The
balance point would then be nearer the end with the nail.

The CM is important in rocket flight because it is around this point that an unstable
rocket tumbles. As a matter of fact, any object in flight tends to tumble. Throw a stick,
and it tumbles end over end. Throw a ball, and it spins in flight. The act of spinning or
tumbling is a way of becoming stabilized in flight. A Frisbee® will go where you want

it to only if you throw it with a deliberate spin. Try throwing a Frisbee® without spinning
it. If you succeed, you will see that the Frisbee® flies in an erratic path and falls far short
of its mark.

In flight, spinning or tumbling takes place around one or more of three axes. They are

called roll, pitch, and yaw. The point where all three of these axes intersect is the CM. For rocket flight, the pitch
and yaw axes are the most important because any movement in either of these two directions can cause the
rocket to go off course.

The roll axis is the least important because movement along this axis will not affect the flight path. In fact, a rolling
motion will help stabilize the rocket in the same way a properly passed football is stabilized by rolling (spiraling) it
in flight. Although a poorly passed football may still fly to its mark even if it tumbles rather than rolls, a rocket will
not. The action-reaction energy of a football pass will be completely expended by the thrower the moment the ball
leaves the hand. With rockets, thrust from the engine is still being produced while the rocket is in flight. Unstable
motions about the pitch and yaw axes will cause the rocket to leave the planned course. To prevent this, a control
system is needed to prevent, or at least minimize, unstable motions.

In addition to CM, there is another important center inside the rocket that affects its flight. This is the center of
pressure (CP). The CP exists only when air is flowing past the moving rocket. This flowing air, rubbing and pushing
against the outer surface of the rocket, can cause it to begin moving around one of its three axes. Think for a
moment of a weather vane. A weather vane is an arrow-like stick that is mounted on a rooftop and used for tell-
ing wind direction. The arrow is attached to a vertical rod that acts as a pivot point. The arrow is balanced so that
the CM is right at the pivot point. When the wind blows, the arrow turns, and the head of the arrow points into the
oncoming wind. The tail of the arrow points in the downwind direction.

The reason that the weather vane arrow points into the wind is that the tail of the arrow has a much larger surface
area than the arrowhead. The flowing air imparts a greater force to the tail than the head, and the tail is pushed
away. There is a point on the arrow where the surface area is the same on one side as the other. This spot is called
the CP. The CP is not in the same place as the CM. If it were, then neither end of the arrow would be favored by
the wind nor would the arrow point. The CP is between the center of mass and the tail end of the arrow. This
means that the tail end has more surface area than the head end.

. . . Center Center
It is extremely important that the CP in a rocket be located toward of of
the tail and the CM be located toward the nose. If they are in the Pressure Mass
same place or very near each other, then the rocket will be unsta- \ /

ble in flight. The rocket will then try to rotate about the CM in the
pitch and yaw axes, producing a dangerous situation. With the
CP located in the right place, the rocket will remain stable.

Control systems for rockets are intended to keep a rocket stable
in flight and to steer it. Small rockets usually require only a stabiliz-
ing control system. Large rockets, such as the ones that launch
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satellites into orbit, require a system that not only stabilizes
the rocket, but also enable it to change course while in flight.

Controls on rockets can either be active or passive. Passive
controls are fixed devices that keep rockets stabilized by their
very presence on the rocket’s exterior. Active controls can be
moved while the rocket is in flight to stabilize and steer the craft.

The simplest of all passive controls is a stick. The Chinese fire-
arrows were simple rockets mounted on the ends of sticks.

The stick kept the CP behind the center of mass. In spite of this,
fire-arrows were notoriously inaccurate. Before the CP could %»9
take effect, air had to be flowing past the rocket. While still on 0%0

2 : :
I R (X
the ground and immobile, the arrow might lurch and N . P e

fire the wrong way.

Years later, the accuracy of fire-arrows was improved consider-
ably by mounting them in a trough aimed in the proper direction.
The trough guided the arrow in the right direction until it was
moving fast enough to be stable on its own.

The weight of the rocket is a critical factor in performance and
range. The fire-arrow stick added too much dead weight to the
rocket, and therefore limited its range considerably.

ZhirStream
— jirStream

An important improvement in rocketry came with the replace-
ment of sticks by clusters of lightweight fins mounted around the
lower end near the nozzle. Fins could be made out of lightweight
materials and be streamlined in shape. They gave rockets a dart-
like appearance. The large surface area of the fins easily kept
the CP behind the CM. Some experimenters even bent the lower
tips of the fins in a pinwheel fashion to promote rapid spinning in
flight. With these “spin fins,” rockets become much more stable
in flight, but this design also produces more drag and limits the
rocket’s range.

<
<

With the start of modern rocketry in the 20th century, new ways y M

. - . K : oveable
were sought to improve rocket stability and at the same time ; Fins
reduce overall rocket weight. The answer to this was the devel- ;" :
opment of active controls. Active control systems included ; \
vanes, movable fins, canards, gimbaled nozzles, vernier rock- 4 \|
ets, fuel injection, and attitude-control rockets. Tilting fins and
canards are quite similar to each other in appearance. The only real difference between them is their location on
the rockets: canards are mounted on the front end of the rocket, while the tilting fins are at the rear. In flight, the
fins and canards tilt like rudders to deflect the air flow and cause the rocket to change course. Motion sensors
on the rocket detect unplanned directional changes, and corrections can be made by slight tilting of the fins and
canards. The advantage of these two devices is size and weight. They are smaller and lighter and produce less
drag than the large fins.

Other active control systems can eliminate fins and canards altogether. By tilting the angle at which the exhaust
gas leaves the rocket engine, course changes can be made in flight. Several techniques can be used for changing
exhaust direction.

Vanes are small fin-like devices that are placed inside the exhaust of the rocket engine. Tilting the vanes deflects
the exhaust, and by action-reaction, the rocket responds by pointing the opposite way.

Another method for changing the exhaust direction is to gimbal the nozzle. A gimbaled nozzle is one that is able
to sway while exhaust gases are passing through it. By tilting the engine nozzle in the proper direction, the rocket
responds by changing course.
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Vernier rockets can also be used to change direction. These
are small rockets mounted on the outside of the large engine.
When needed, they fire, producing the desired course change.

In space, only by spinning the rocket along the roll axis or

by using active controls involving the engine exhaust can the
rocket be stabilized or have its direction changed. Without air,
fins and canards have nothing to work upon. (Science fiction
movies showing rockets in space with wings and fins are long
on fiction and short on science.) While coasting in space, the
most common kinds of active control used are attitude-control
rockets. Small clusters of engines are mounted all around the

vehicle. By firing the right combination of these small rockets, o%;%‘* (\)& .
the vehicle can be turned in any direction. As soon as they are %, %, * © Fe
aimed properly, the main engines fire, sending the rocket off % (%\\"‘(’

in the new direction.

Mass

Mass is another important factor affecting the performance
of a rocket. The mass of a rocket can make the difference
between a successful flight and just wallowing around on the
launch pad. As a basic principle of rocket flight, it can be said
that for a rocket to leave the ground, the engine must produce
a thrust that is greater than the total mass of the vehicle. It

is obvious that a rocket with a lot of unnecessary mass will
not be as efficient as one that is trimmed to just the bare
essentials.

For an ideal rocket, the total mass of the vehicle should be
distributed following this general formula:

Of the total mass, 91 percent should be propellants; 3
percent should be tanks, engines, fins, etc.; and 6 percent
can be the payload.

Payloads may be satellites, astronauts, or spacecraft that will
travel to other planets or Moons. In determining the effective-
ness of a rocket design, rocketeers speak in terms of mass
fraction (MF). The mass of the propellants of the rocket divided
by the total mass of the rocket gives MF:

Gimbaled
Nozzle

mass of propellants

total mass

Large rockets, able to carry a spacecraft into space, have serious weight problems. To reach space and proper
orbital velocities, a great deal of propellant is needed; therefore, the tanks, engines, and associated hardware
become larger. Up to a point, bigger rockets can carry more payload than smaller rockets, but when they become
too large, their structures weigh them down too much, and the mass fraction is reduced to an impossible number.

A solution to the problem of giant rockets weighing too much can be credited to the 16th-century fireworks
maker Johann Schmidlap. Schmidlap attached small rockets to the top of big ones. When the large rocket was
exhausted, the rocket casing was dropped behind, and the remaining rocket fired. Much higher altitudes were
achieved by this method. (The Space Shuttle follows the step rocket principle by dropping off its solid rocket
boosters and external tank when they are exhausted of propellants.)

The rockets used by Schmidlap were called step rockets. Today this technique of building a rocket is called staging.
Thanks to staging, it has become possible not only to reach outer space but the Moon, and other planets too.
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Ares: Launch and Propulsion

An Educator’s Guide with Activities in Science and Mathematics

Teacher Guide
Pop Rocket Variables

Background Information

In this introductory activity, students study the concept of variables in relationship to launch-
ing pop rockets. The lesson starts by having the teacher direct a discussion assessing what
the students know about rockets. This allows them the opportunity to share experiences
they have had with them. Then, students will complete a concept map for a “rocket,” which
will allow them to demonstrate their prior knowledge about rockets. As an optional activ-

ity, to stimulate further discussion and conversation about the history of rocketry, the class
may view excerpts from the movie October Sky. After these preliminary activities, students -
discuss the idea that variables are the factors involved in an experiment. Then, using a film
canister with water and an antacid tablet, the teacher may demonstrate how a pop rocket L |
works. Students will then use a variable wheel to make operational definitions and list all
of the variables that may affect the flight of the pop rocket.

The variable wheel (page 3) is a technique that students can use to graphically repre-
sent the factors involved in an experiment. The variable wheel is simply a circle with the
responding variable (dependent variable) written in the center. The spokes that extend out
from this circle are factors that would affect the responding variable. Once students have
written as many factors on the spokes as they can generate, they will choose the one 1
variable that they will plan to test. The other factors they listed then become variables that
should be kept constant during the experiment. With the variables identified, the next step |
is for students to operationally define both the responding and the manipulated (indepen-
dent) variables. This operational definition, as explained in the teacher procedure, should
describe how the manipulated variable will be changed and how the responding variable

will be measured. (=)
- - - - After choosing a variable to test, students write a
A variable is a changing factor, trait, research question and complete their investigation.
or condition. There are three types
of vari_ables: ) Following the investigation, students read the Student Text, “Variables
y the_";:llepe“de“t or manipulated and Operational Definitions.” This text uses a Super Bow! pizza party
variable, . to describe how events or items affect the ultimate outcome of a partic-
e the dependant or responding \ . .
variable, ular effort, including those events over which our control ranges from
e and the controlled variable. a great deal to none.

In these activities, students choose
one factor to test. This is known

as the manipulated or independent
variable.
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National Science Standards Addressed

Grades 5-8 Grades 9-12
Science as Inquiry Science as Inquiry
Abilities necessary to do scientific inquiry. Abilities necessary to do scientific inquiry.
Understandings about scientific inquiry. Understandings about scientific inquiry.
Physical Science Physical Science
Properties and changes of properties in matter. Chemical reactions.
Motion and forces. Motion and forces.
Science and Technology Science and Technology
Abilities of technological design. Abilities of technological design.
Understandings about science and technology. Understandings about science and technology.
Science in Personal and Social Perspectives History and nature of science
Science technology and society. (For optional October Sky activity).
History and nature of science Historical perspectives.

(For optional October Sky activity).
History of science.

Materials
For each group of three to four students:

e Student activity, “Pop Rocket Variables,” page 6.

e Student text, “Variables and Operational Definitions,” page 12.

e Plastic 35 mm film canister with an internal-sealing lid.

e Effervescing antacid tablet.

e Paper towels.

e Water.

e Eye protection.

e Computer with Internet access connected to a video projector.

e (Optional) October Sky VHS or DVD with television or video projection.

Procedure

1. Distribute the student activity, “Pop Rocket Variables.” Students will return to this activity sheet throughout
the class discussion and experiment.

2. Start this activity by asking the students to brainstorm what they know about rockets (#1 on student activity
sheet) and what questions they have (#2 on student activity sheet). You may want to have students work in
small groups of three or four to generate their lists.

3. Allow time for students to share their prior knowledge (#1 on student activity) about rockets with the rest of
the class. During this time, record the students’ thoughts on the board or on chart paper. If there is shared
information that not everyone agrees with, record this in the form of a question. Use another area to record
questions that the students may have about rockets (#2 on student activity sheet).

4. Next, direct students’ attention to the “Rocket Concept Definition Map” on their handout. Concept definition
mapping is a way to teach students how to find the meaning of a concept by describing what it is, describing
its properties, comparing it with other concepts, and providing examples. Prior to having students complete
this, you may want to model the technique by using a word they are familiar with, like the word “book.” See
Appendix A to this teacher guide for an example of a completed “concept definition map” for “Rocket.”

5. Allow students time to use their brainstorming words to complete the concept map either individually or in
their small groups. Circulate around the room asking questions to help students clarify why and how they are
putting the concept map together.
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6. Have students present their completed concept maps to the class. Instruct the class to ask the presenters
questions to help clarify the ideas presented. Presenters should respond and defend their ideas.

7. Direct students to the variable wheel (#4) on their handout. In the ensuing discussion, you will model how
to create a variable wheel. Instruct students to complete the variable wheel during the discussion.

8. Introduce the concept of a variable wheel by asking the following: “What do we usually measure when a rocket
is launched?” (Most students will probably respond: “The height that the rocket will travel.”)

Then, share the following information with your students: “The variable that is measured is called the ‘depen-
dant variable’ or the ‘responding variable’ because the result depends on other factors.” Place the word
“height” in the middle of the circle in the variable wheel.

9. Continue the discussion by asking students: “What factors would be involved that would affect the height the
rocket would travel?” (Expect many different answers to this. Students may suggest that the amount or type
of fuel would be a factor, the weather conditions, the mass of the rocket, and the shape and number of fins.
Some may also suggest the shape of the rocket or the nose cone.)

Explain to students that the factors they listed are called ‘independent variables’ or ‘manipulated variables’
since the experimenter can manipulate them. Place these variables on the spokes of the variable wheel. Refer
to the example below.

Number of Fins

Mass of the Rocket Shape of Fins

Weather Conditions

Variable Wheel

10. Ask student groups to choose one of these variables and write an operational definition for it. If students are
not familiar with operational definitions, provide an explanation and example, such as the following:
Explanation: “An operational definition is the way a measurement will be performed.”
Example: “We will measure the height of the rocket by using three fins, then with four fins, and then with
five fins, each time making sure that the distances between the fins are equal.”

11. Keeping in mind that all of the variables mentioned in the variable wheel affect the height the rocket will
travel, ask students to respond to questions 6-8 on their handout. Then, allow time for them to share their
responses. Suggested responses are in parenthesis below:

Question # 6: Why is it important to keep all variables constant except the manipulated variable? In other
words, when conducting an experiment, why is it important to test only one variable at a time? (Students
may suggest that if more than one variable is tested at the same time, it will be difficult to determine which
manipulated variable is affecting the responding variable.)

Question #7: What variables are the most difficult to keep constant? (Students may suggest that weather
conditions can change without notice.)

Question #8: What should be done if a variable cannot be kept constant during an experiment? (Students
may suggest making a note in the report describing the factors that were not kept constant and why. Other
students may suggest repeating the experiment so that these variables can be kept as constant as possible.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Instruct students to use the completed variable wheel in #4 of their

student activity sheet to assist them in writing the research question SEtoRalA Sty

for #9. You may want to provide the following explanation: “One way of Develop students’ understand-
using a variable wheel to determine a research question is to circle the ing of the history of rocketry
manipulated variable that you wish to test. The variables not circled then by showing select excerpts
b iables that are kept constant during the experiment.” from the feature film October
ecome varia P 9 p : Sky. Detailed procedures

Model the process by circling the variable “Number of Fins” in the wheel, for f?c"'tatt'f‘gtth's °'t3)t";"a' g

. . . L« viewing activity can be toun
and then prov@e the following gxample ofa research question: “How do in Appendix B of this teacher
the number of fins affect the height that my rocket will travel?” guide.

Explain that in the research question, only the manipulated and respond-
ing variables need to be included. It is understood that the experimenter
will try to keep the other variables constant. Also, explain that the questions should not be worded in such
a way that they can be answered with a “yes” or “no” response.

Tell students that now they will have a chance to complete an experiment in which they get to measure how
a certain variable affects the height of a pop rocket. Demonstrate how the pop rocket works by using the
following procedure:

a. Put on eye protection.

b. Fill the canister one-third full of water.

c. Place one-half of an antacid tablet in the canister.

d. Snap the lid on tight.

e. Place the canister upside down on a flat surface (with the lid resting on

the surface).
f. Stand back.

Ask students to fill in their variable wheel for the pop rocket (#10 on the activity sheet). They should then
choose a variable that they want to test.

Direct students to get into groups based on the variable they are testing. (Students who want to test the same
variable should be in the same group.)

Ask the groups to write a research question (#11 on handout) for their pop rocket experiment.

Instruct students to determine the operational definition or how the height of the pop rocket will be measured.
During this experiment, qualitative measures would work fine. Determining methods for measuring height

will be investigated further in the assessment portion of this module. They should note the operational defini-
tion in #12 on the student activity sheet and they should outline the procedure they will use to complete the
experiment.

Once they have recorded their procedure, ask them to create a data table on which to record the data. Remind
students that it is a good idea to test each variable with more than one trial.

Circulate around the room assisting students who have questions. Look over student plans before providing
the materials for them to complete the experiments.

Distribute materials to the groups so they can conduct their experiments. .
Alternate Strategy Tip

Ask the students to use their data to write an answer or conclusion to

their research question. This should be included in #13 on the student In order to give students
activity sheet more experiences with

operational definitions,

Tell students to save the results from their experiments as they will be see theta'Ctit‘r’\iti?rs onht_his

: : e concept in the Teaching
referring to them in the r.1ext activity. If you prefer, collect the completed Science Process Skills
sheets; however, they will need to be returned to the students prior to resource listed in the
the next activity. teacher resources section

at the end of this section.
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23. Assign the student text, “Variables and Operational Definitions,” page 12, to be read as a review of this activ-
ity with pop rockets. Instruct students to respond to the post-reading questions on a separate sheet of paper.
Possible student responses are included in parenthesis below:

¢ Question #1: Cause is to effect as manipulated variable is to “responding variable.” (Explanation: The
manipulated variable is deliberately changed in an experiment to cause an effect. The effect or response
is called the responding variable.)

e Question #2: In your own words, describe the differences between a manipulated variable, a constant
variable, and a responding variable. Give examples to demonstrate your understanding of each. (Responses
will vary. Look for clear examples to illustrate student understanding of each type of variable.)

¢ Question #3: Why is it important to have a clear operational definition before conducting a scientific experi-
ment? (Operational definitions ensure a consistency in measurement not only during the initial experiment,
but any time an experiment is repeated.)

e Question #4: Why is a planning tool like the variable wheel useful in a scientific experiment? How can it
contribute to more accurate results? (It helps the scientist think through all the possible variables that could
affect an experiment. In doing so, the experimenter can get a better handle on which variables need to be
kept constant.)

Teacher Resources

Film

Gordon, C., Franco, L. (Producers), and Johnston, J. (Director). (1999). October Sky (Motion picture). Universal City,
CA: Universal Pictures.

Publications
Hickam, H., Rocket Boys, Delacorte Press, New York, NY, 1998.

Rockets: A Teacher’s Guide with Activities in Science, Mathematics, and Technology, NASA EG-2003-01-108-HQ,
Office of Human Resources and Education, Washington, D.C., 2003.

Ramig, J. E., Bailer, J., and Ramsey, J. M., Teaching Science Process Skills, 192 pp., Good Apple, Torrance,
California, 1995.

Schwartz, R., “Learning to Learn Vocabulary in Content Area Textbooks,”
Journal of Reading, Vol. 32, pp. 108-117, 1988.

. Examples of variables that
Web sites students test may include the

Teaching Tip

Fiftieth Anniversary of Sputnik: following:

http://WWW.hq.nasa.gOV/Ofﬁce/paO/Historylsputnik/ ¢ The amount of water.

e Temperature of the water.

e Amount of antacid tablet
used.

e Number of canisters used.

e The size of particles of
crushed antacids.
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Student Activity
Pop Rocket Variables

Procedure

1. In your small groups or individually, write down as much as you can to reflect what your
group knows about rockets. (Sentence fragments are acceptable.)

2. Now, think about what you want to know about rockets. Write down a list of questions you or your group
may have.
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3. Either in small groups or individually, complete the rocket concept definition map below.

Concent Definition Map o
What is it? (Definition)

What is it? (Description)

What would you compare it to?
(Comparison)

[

Examples (Types of rockets)
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4. Variables are the factors involved with a scientific experiment. A variable wheel, like the one pictured below,
is a technique you can use to show the different factors involved in a particular experiment. Your teacher will
discuss the components of a variable wheel. During the discussion, label the variable wheel and keep in mind
the following definitions of variables.

Responding Variable: The factor that is affected and measured in an experiment. It is called “responding”
or “dependent variable” because the result depends on other factors.

Manipulated Variable (also called independent variable): The factor that is deliberately changed during

an experiment in order to cause an effect, one that impacts the responding variable.

Constant Variable: While an experiment often has many variables that can be manipulated, only one
should be manipulated at a time. All other variables should be controlled or kept constant in order to
minimize their effects.

5. Every experiment should begin with an operational definition: a description of how the select independent or
manipulated variable will be changed and how the effect or responding/dependent variable will be measured.
Write your group’s operational definitions for one of the manipulated variables from the variable wheel above.

6. When conducting an experiment, why is it important to test only one variable at a time?
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7. Which variables in the wheel above would be the most difficult to keep constant?

8. What should be done if a variable cannot be kept constant during an experiment?

9. Using the completed variable wheel from #4, write a practice research question.

10. Your teacher will demonstrate how to launch a pop rocket using a film canister, an antacid tablet, and water.
After watching the demonstration, complete the variable wheel below to show all the factors that could affect
the height of the pop rocket (the responding variable).

Height
Responding Variable (RV)

Student Activity —Pop Rocket Variables 9
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11. Now, as a group, write a research question to guide your pop rocket experiment.

12. Complete the operational definition, outline the procedure, and label both the operational definition and
the procedure for the pop rocket variable experiment. This should be approved before you launch.

10 Student Activity — Pop Rocket Variables
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13. Use this space to continue with your procedure, results (data table), and conclusion. The conclusion should
answer the research question and be based on the results in your data table. Label the procedure, results,
and conclusion. You may use the back of this sheet if you need more space.

Student Activity — Pop Rocket Variables 1
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Student Text
Variables and Operational Definitions

All of your friends come over to your house for a Super Bowl party. After the first
quarter, they tell you that they are hungry. Everyone thinks pizza will satisfy his
or her appetite. Before you call the local pizza shop, you ask everyone what
their favorite toppings are. Everyone agrees on sausage, pepperoni, extra
cheese, olives, and ham. Based on this information, you call in your order.

The desired end result for everyone at your party is the same. They want
to satisfy their hunger by eating pizza. We will call the desired end result
“a good pizza.”

The variables are the factors involved in an experiment, in this case, a party.
The manipulated variable (labeled “MV” in the graphic below) in an experiment
is the variable that is deliberately changed during the experiment to cause an effect.
An experiment often has several variables that may be manipulated, but only one should be manipulated at a time.
The remaining variables should be kept constant (labeled “C”). The manipulated variable in this experiment is one
of the various toppings. The responding variable (labeled “RV”) is the factor that is affected in the experiment.
The responding variable in this case is the friend’s perception of a good pizza. We can illustrate this with the use
of a variable wheel.

The variable wheel has the responding variable in the center of the circle and the manipulating variables on the
spokes. Let us say you wanted to play a trick on your friends, and you order mushrooms on the pizzas to find out
if they still considered it a good meal. We put this in the form of a question: “How does adding mushrooms affect
my friends’ perception of a good pizza during a Super Bowl party?” In this case, you would order the pizzas with
the toppings of their choice AND mushrooms. As you

might imagine, some people might like this; some Mushrooms Sausage

would be ambivalent; and some would be upset and (MV) ©

even pick them off.

How could you measure your friends’ perception

of a good pizza? One way might be to observe their
expressions as they see the pizza and eat the meal.
Another way would be to listen for any verbal feed-

back. Yet another would be to observe their actions.  Extra
A more formal way would be to give them a short Cheese
survey about their reaction to the mushrooms onthe (€
pizza. All of these ways of measuring your friends’
perceptions of a good pizza are examples of opera-

tional definitions. Operational definitions are how we

intend to measure the variables in an experiment.

Good Pizza

(RV)

Pepperoni
©)

Olives Ham
© ©
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Having too many variables makes measuring the results more difficult or even impossible. In the case of the pizza
experiment, let us say your operational definition of a good pizza is to observe the expression on your friends’
faces. Instead of ordering the pizzas with the toppings of their choice, you added mushrooms to the pizzas. Let’s
say you decided to add pineapple in addition to mushrooms. Because there would be more than one variable
being tested at the same time, it is very difficult to determine which of the variables (toppings) affected whether a
person considers it a good pizza. In this case, it is important to keep all variables, except the manipulated variable,
constant during the experiment. This way, it is easy for the experimenter to determine if that variable is the one that
causes an effect for better or worse.

Some variables are hard to keep constant. For instance, let us say that some of the people at your party are root-
ing for the winning team, and some are rooting for the losing team. The people rooting for the winning team may
perceive their pizza to be better than the people who are rooting for the losing team. Even though you are not
trying to measure them all, other variables may also contribute to your friends’ perceptions of a good, average,
or bad pizza. Other variables might include such things as the thickness of the crust of the pizza, the tempera-
ture of the pizza, or the flavor of the pizza sauce. Environmental factors may contribute to the perceptions of your
friends as well. Environmental factors might include such things as whether it is too hot or too cold in the room,
the noise level, is it too loud or too quiet, and even an individual’s attitude about attending your party.

When planning an experiment, it is difficult to know all of the variables that might contribute to the result of your
study. Using the variable wheel or listing the factors that might affect your experiment before you begin will help
you be aware of these variables and deal with them during your experiment.

Throughout the rocket activities in this module, the responding variable will focus on the height that the rockets will
fly. The manipulated variables are what you will be working on to affect the rocket’s height. As you build your rock-
ets, you will notice that some variables have a greater effect than others. Your job during the Interaction/Synthesis

phase of this module will be to operationally define the manipulated variables that will be used in launching a water
bottle rocket and then measure the effect on the responding variable of height.

Post-Reading Questions

1. Complete the analogy and explain why your choice is the best fit.

Cause is to effect as manipulated variable is to
a. constant

b. operational definition

c. independent variable

d. responding variable

Explanation:
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Ares: Launch and Propulsion: An Educator’s Guide with Activities in Science and Mathematics

2. In your own words, describe the differences between a manipulated variable, a constant variable, and
a responding variable. Give examples to demonstrate your understanding of each.

3. Why is it important to have a clear operational definition before conducting a scientific experiment?

4. Why is a planning tool like the variable wheel useful in a scientific experiment? How can it contribute to more
accurate results?
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Teacher Guide
Pop Goes Newton

Background Information

In this activity, students continue to study the concept of variables in relation to
launching pop rockets. The lesson has the students applying each of Newton’s
Laws of Motion to the “Pop Rocket Variable” activity.

The activity demonstrated each of Newton’s Laws of Motion. The film canister
sat on the floor before lift off, demonstrating that objects at rest remain at rest
unless acted on by an unbalanced force (First Law). The liftoff demonstrated
that the pressure of the gas generated by the water-antacid reaction caused

an unbalanced force, which resulted in upward movement. This movement
continued until the force of gravity caused the canister to move downward,
demonstrating once again that objects in motion remain in motion unless acted
upon by an unbalanced force (First Law). The force of the floor or ground push-
ing up on the canister at rest and the canister pushing down on the ground
demonstrated that for every action there is an equal and opposite reaction (Third
Law). Also, the canister traveled upward with a force that is equal and opposite to the downward force propelling
the water, bubbles, and lid. Finally, the acceleration of the canister is directly proportional to the amount of force
on the canister and inversely proportional to the mass of the water, gas, and canister, thereby demonstrating that
acceleration equals force divided by mass or a = F/m (Second Law). Students will analyze each step in the “Pop
Rocket Variables” activity and match them with the appropriate Law of Motion.

Sir Isaac Newton

The National Science Education Standards call for students to use evidence to develop descriptions, explanations,
predictions, and models: “Students should base their explanations on what they observed, and as they develop
cognitive skills, they should be able to differentiate explanation from descriptions — providing causes for effects
and establishing relationships based on evidence and logical argument” (National Research Council, 1996). In this
activity, students make detailed descriptions of events from the “Pop Rocket Variables” activity. Then, they state
the law that corresponds with the description followed by an explanation.

National Science Standards Addressed

Grades 5-8

Science as Inquiry

Abilities necessary to do scientific inquiry.
Physical Science

Motion and forces.
Science and Technology

Understandings about science and technology.

Science in Personal and Social Perspectives
Science technology and society.

History and Nature of Science
History of science.

Teacher Guide —Pop Goes Newton

Grades 9-12

Science as Inquiry

Abilities necessary to do scientific inquiry.
Physical Science

Motion and forces.
Science and Technology

Understandings about science and technology.

History and Nature of Science
Historical perspectives.
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Materials
For each group of three to four students:

Alternate Strategy Tip

Before the students read the

e Student activity, “Pop Goes Newton,” page 17. student text, show them the short
e Student text, “Newton’s Laws of Motion,” page 21. (12 minute) NASA vide_o Newton
e Completed student activity, “Pop Rocket Variables” from previous In Space. This short video shows

Newton’s Laws of Motion in an

lesson (Briefing). everyday fun context. The video

e (Optional) Video, Liftoff to Learning: Newton in Space. is vailable at:
http://quest.nasa.gov/space/
Procedure teachers/liftoff/newton.html
L ) . A higher resolution version of the
1. Distribute the student text “Newton’s Laws of Motion” and assign video is available for a nominal
this to be read before the students begin the student activity. Review fee at:
the concepts in the text by having students explain Newton’s three http://quest.nasa.gov/space/

laws using their own words and examples from their everyday lives teachers/liftoff/

as requested in the post-reading section of the student text.

2. Distribute the student activity, “Pop Goes Newton,” to each person in the class. You may choose to have
students work on this activity in groups or individually. Review the background information and explain that
they are going to be taking another look at the “Pop Rocket Variable” activity and applying what they have
read about Newton’s laws to that activity.

3. Show students the procedure on the student activity and point out the example item that has been done for
them. Ask if there are any questions. Allow students time to complete the activity. Circulate around the room
offering assistance to those who have questions or need help.

4. Once everyone has finished the activity, have student volunteers read their descriptions, laws, and explana-
tions. During this time, challenge students to listen to the descriptions and explanations, allowing those who
are listening to ask questions or seek clarification on what has been read.

5. Conclude the activity by having students write in their journals about what they have learned today. Instruct
them to use their student activity sheets to summarize Newton’s Three Laws of Motion in their own words.

Teacher Resources

Publications

Rockets: A Teacher’s Guide with Activities in Science, Mathematics, and Technology, NASA EG-2003-01-108-HQ,
Office of Human Resources and Education, Washington, DC, 2003.

National Research Council, (2000). Inquiry and the National Science Education Standards, National Academy
Press, Washington, DC, 2000.

National Research Council (1996). The National Science Education Standards. National Academy Press,
Washington, DC.

Web sites

NASA video and instructional resources for Newton in Space: Pop Goes Newton, page 17
http://quest.nasa.gov/space/teachers/liftoff/newton.html Teacher Answer Key

First Law
. First Law
. Third Law
Third Law
Second Law
First Law
First Law
. First Law

PNoORLN
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Student Activity
Pop Goes Newton

Background Information

Read the student text, “Newton’s Laws of Motion and Rockets,” before begin-
ning this activity. A summary of information from that text follows. You may refer
to this when completing the procedure.

Newton’s First Law of Motion:

¢ Objects at rest tend to stay at rest unless acted on by an unbalanced
force.

¢ Objects in motion tend to stay in motion in a straight line unless acted
on by an unbalanced force.

Newton’s Second Law of Motion: :

e As force is increased, acceleration increases. As mass is increased, Sir Isaac Newton
acceleration decreases.

e Therefore, force equals mass times acceleration (F = ma).

Newton’s Third Law of Motion:

e For every action or force there is an equal, opposite, and simultaneous reaction or force.

Procedure

For each of the following events from the pop rocket experiment, write a detailed descrip-
tion of the event followed by the appropriate law that applies, and then provide a detailed
explanation. The first one is done for you.

1. Event: The empty film canister is sitting on the lab table.

Description: The translucent film canister is sitting on the table with the cap securely
fastened on top of it. There is nothing in the canister except air.

Law: 1. Objects at rest tend to stay at rest unless acted on by an unbalanced force.

Explanation: The film canister is not moving since the forces acting on it are balanced.
The force of gravity pulling on the film canister is equal to the force the table is pushing
on the film canister.
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2. Event: A certain amount of water and an antacid tablet is placed into the film canister.

Description:

Law:

Explanation:

3. Event: The canister is placed on the table, and the rocket lifts off.

Description:

Law:

Explanation:

4. Event: The rocket travels upward with a force generated by the gas forming in the canister that causes the lid
to blow off.

Description:

Law:

Explanation:
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5. Event: The acceleration is directly proportional to the force and inversely proportional to the mass
of the propellant.

Description:

Law:

Explanation:

6. Event: The canister stops upward motion.

Description:

Law:

Explanation:
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7.

20

Event: The canister falls back to the ground.

Description:

Law:

Explanation:

Event: The canister is found lying on the ground.

Description:

Law:

Explanation:

Student Activity —Pop Goes Newton
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Student Text
Newton’s Laws of Motion and Rockets

Sir Isaac Newton

Isaac Newton was born in Lincolnshire, England on January 4, 1643. His father
died before he was born, and his grandmother raised him as an orphan; he
did not have a happy childhood. During this time, Newton went to school in
Grantham, England, where he was proficient at mechanics. Newton’s job was
to run the family farm, but he enjoyed problem solving, experimenting, and
devising mechanical models more than farming. Because of this interest, he
attended Trinity College in Cambridge and lived there until 1696. The years
between 1669 and 1687, when he was a professor at Cambridge, were highly
productive for Newton. During this time, he worked with the problem of gravi-
tation and before the autumn of 1684, he wrote the first book of the Principia:
Mathematical Principles of Natural Philosophy. He read his notes on the Laws
of Motion during his lectures. These now famous “Laws of Motion,” as they
relate to rockets, are discussed below.

In 1696, Newton moved to London and was appointed to a high paying posi- Sir Isaac Newton
tion first as Warden of the Royal Mint and then Master in 1699. He showed little

interest in research during this time of his life. In 1703, he was elected president of the Royal Society and was
re-elected each year until his death. In 1705, Queen Anne knighted him. This made him the first scientist ever
to be knighted. However, the last portion of his life was not an easy one. It was dominated in many ways by the
controversy with the German mathematician Gottfried Wilhelm Leibniz over who had invented calculus. Newton
never married. He lived modestly and died on March 20, 1727.

Newton’s First Law of Motion

Newton’s First Law of Motion states that a body moving uniformly will remain moving in a straight line unless it

is acted upon by some outside force. Similarly, a body that is at rest will remain at rest unless acted upon by an
outside force. Newton'’s First Law of Motion can be described in one word: “inertia.” The word inertia comes from
Latin and literally means “laziness.” Things that have inertia are lazy. Lazy things like to keep doing what they are
already doing. If something (either animate or inanimate) is not moving, an external force is necessary to get it to
do what it is not doing, in this case, move. If something is already moving, it is too lazy to change what it is doing,
and thus an external force is necessary to stop it from moving or to make it change its direction. A body has more
of a tendency to exhibit strong inertia when it is more massive. If inertia is strong, then mass is larger. When inertia
is weak, then mass is smaller.

Is it good or bad for a rocket to be lazy? The answer to this is dependent on what you are already doing. If a
rocket has been launched, then having inertia is good because the rocket, being lazy, wants to keep doing what

it is already doing. Drag, a force caused by moving through air, is trying to prevent it from moving. So, in this case,
the more inertia the better.

Sometimes it is bad for a rocket to be lazy. This occurs just before launch. A force must be used to overcome this
form of laziness. This is the propulsive force (thrust) provided by something shooting out the back of the rocket.
A rocket can be so lazy (have so much mass) that it is incapable of overcoming its inertia. In this case, it is a bad
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thing to be lazy. How do you correct this? You correct this
by lowering the mass of the rocket. A rocket should have
a propulsive force that far exceeds the mass of the rocket.

The best rockets have a small mass and are aerodynamic,
which decreases the resistance or drag force working
against the rocket in motion. Thus, they have a high thrust- k >
to-mass ratio. Once moving, the drag force — which involves =
the mass density of the air, the shape of the leading edge i
of the rocket, and the surface drag (based on surface area
roughness) — should be minimized, so that acceleration

(in this case the rate at which the rocket is slowed down
or decelerated) is minimized.

Newton’s Second Law of Motion

As mentioned previously, several forces act upon the rocket.
A force is necessary to overcome the rocket’s tendency

to do what it is already doing. If the rocket is sitting lazily

on the pad, then a force must be used to make it move. A
launch involves a propulsive force. The rocket can be made
to move more rapidly by either increasing the propulsive
force and/or decreasing the rocket’s mass.

How rapidly a rocket increases speed off the launch pad
is called acceleration. Rocket acceleration equals the
force applied, divided by the mass of the rocket (@ = F/m). Ares V

As force is increased, acceleration increases. As mass is

increased, the acceleration decreases. This basically describes Newton’s Second Law of Motion. Algebraically
re-arranging the equation results in the classic description of Newton’s Second Law of Motion: Force equals mass
times acceleration.

F=ma

When a rocket is being launched (during the thrust phase of the mission), the acceleration rate should be maxi-
mized. Because a = F/m, the propulsive force must be maximized. The student or engineer must find ways to

do this. The energy available to do work on the rocket is a function of the product of the pressure provided times
the volume of air available. Generally, students will not be able to control the air pressure. However, there are ways
to gain a propulsive advantage over the air pressure by decreasing the mass of the rocket, by increasing the thrust
of the rocket engine, and/or by increasing the efficiency of the rocket engine. The thrust of a rocket engine is
usually related to the size (diameter and length) of the engine, size and shape of the rocket nozzle, design of

the components (such as the injector), and the pressure of the propellants that are injected into the combustion
chamber. The efficiency of an engine, which is like miles per gallon in an automobile, can be maximized by care-
ful attention to the choice of propellants, the shape of the nozzle, and the design of the injector and combustion
chamber of the engine itself.

Drag only occurs while the rocket is moving. Drag is the force that makes the rocket change its speed by slow-

ing it down. Drag increases the rate at which the rocket slows down. Once the thrust force is no longer applied,
the speed at which the rocket is moving can be kept fairly constant by minimizing the drag force. Note that drag
becomes significantly higher as speed increases. Specifically, drag is proportional to the square of the velocity:
(Force of Drag=0.5*[coefficient of drag]*[air density]*[cross-sectional area]*[velocity?]).

Newton’s Third Law of Motion

For every action or force there is an equal, opposite, and simultaneous reaction or force. When you hit a table with
your hand, the table hits you back with a force equal to the force you applied to it, resulting in pain or even damage
to your hand.
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Ares V Booster Separation

A rocket is able to lift off the pad because the acceleration imparted by the expanding exhaust is able to overcome
the inertia of the rocket sitting on the pad. This is the same for a jet as it accelerates down the runway. The rocket
continues to accelerate because the propellant use drives the mass of the rocket down, while the thrust of the
engine continues unabated, leading to a very fast ride at burnout.

Review

Newton’s First Law of Motion:

e Obijects at rest tend to stay at rest unless acted on by an unbalanced force.

e Objects in motion tend to stay in motion in a straight line unless acted on by an unbalanced force.
Newton’s Second Law of Motion:

e As force is increased, acceleration increases. As mass is increased, acceleration decreases.

¢ Therefore, force equals mass times acceleration (F = ma).
Newton’s Third Law of Motion:

e For every action or force there is an equal, opposite, and simultaneous reaction or force.
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Post-Reading Reflection

Demonstrate your understanding of Newton’s Laws of Motion by describing each law in your own words and
drawing a picture to help you remember the law. Then, provide an example from your everyday life to help illustrate
each law.

1. First Law of Motion

Description in Your Own Words Drawing to Help You Remember | Example From Your Everyday Life
the Law

2. Second Law of Motion

Description in Your Own Words Drawing to Help You Remember | Example From Your Everyday Life
the Law

3. Third Law of Motion

Description in Your Own Words Drawing to Help You Remember | Example From Your Everyday Life
the Law

24 Student Text —Newton’s Laws of Motion and Rockets




Ares: Launch and Propulsion

An Educator’s Guide with Activities in Science and Mathematics

Teacher Guide
The History of Rocketry

Background Information

The design of today’s rockets are the result of thousands of years of exper-
imentation and research. Beginning 2000 years ago as a steam-powered
toy, rockets have evolved into sophisticated vehicles capable of launching
spacecraft into the solar system.

The Ares | Crew Launch Vehicle, slated to begin operations by 2015, and
the Ares V Cargo Launch Vehicle, scheduled to fly by 2020 are designed
to be safe, reliable, sustainable space transportation systems built on
previous knowledge and space flight hardware from the Apollo-Saturn
and Space Shuttle Programs. Ares | and Ares V will replace the Space
Shuttle, which will be retired by 2010. The launch vehicles were named
after Ares, the ancient Greek name for Mars. Using the latest technology,
as well as lessons learned over years of research and experience, these
rockets will take human beings to the Moon, Mars, and beyond.

In this activity, students create a multiple tiered timeline on the history
of rocketry from ancient times through the Ares Projects.

— . - % h
—_ - i g ol
= . - S

Robert Goddard is considered one
of the fathers of modern rocketry.

National Science Standards Addressed Science and Technology
Understandings about science and technology.
Grades 5-8 History and Nature of Science

Historical perspectives.
Science as Inquiry persp

Understandings about scientific inquiry. History Standards Addressed
Science and Technology
Understandings about science and technology. Grades 6-8
Science in Personal and Social Perspectives
Science technology and society. Historical Understanding
History and Nature of Science Standard 1: Understands and knows how to analyze
History of science. chronological relationships and patterns.
Benchmark 2: Knows how to construct and
Grades 9-12 interpret multiple tier time lines.

Science as Inquiry
Understandings about scientific inquiry.

Teacher Guide —The History of Rocketry 25




Ares: Launch and Propulsion: An Educator’s Guide with Activities in Science and Mathematics

Materials

¢ Student text, “From Earth to the Moon and Beyond,” page 34.

e Printed copies or online access to “Brief History of Rockets:”
http://exploration.grc.nasa.gov/education/rocket/ TRCRocket/history_of_rockets.html

e Construction paper, yardsticks, and markers (optional).

Procedure

1. Explain to students that spacecraft are lifted into space using rockets and that current rocket design
is the result of thousands of years of experimentation and research. Divide students into groups of six.
Give each student a copy of a “Brief History of Rockets:”
http://exploration.grc.nasa.gov/education/rocket/ TRCRocket/history_of rockets.html

Multiple Tiered Time Line

Important Developments in the Knowledge of Rocketry

Important Events that Apply this Knowledge

A
Y

2. Ask each group to read the “Brief History of Rockets” and then create a time line of 10 to 15 important events.
On one side of the time line, have students record important events in the scientific knowledge about rockets.
On the other side, have them identify important events that show how scientists applied that knowledge
(e.g., the first launch of a liquid-fueled rocket). Have students update their time lines by reading the student
text, “From Earth to the Moon and Beyond.”

3. Ask the groups what events they chose and why. Explore with them why they chose some events
and not others.

4. Ask the entire class to create a single time line of the 10 to 15 most important events in the history of rocketry.
Again, ask them to record important developments in the knowledge of rocketry on one side and important
events in the application of that knowledge on the other side.

Going Further

¢ Ask students to write an essay on the history of rocketry.

e Have students write a report on a specific event in the history of rocketry.

e Ask students to identify other events that occurred in the same year as an important event in the history
of rocketry.

e Ask students to prepare a report on the use of rockets since the creation of NASA.

Teacher Resources

Alternate Strategy Tip

Web sites

. : . . E d thi tivity by i -
Marshall Space Flight Center Offers a Timeline of Rocket History: p;‘r):t?ng aﬁ;g;lﬁ){(ne)l'i:‘r;cor
http://history.msfc.nasa.gov/rocketry/index.html showing what was happen-

, . . S ing in Europe, Asia, and other
Rockets Teacher’s Guide with Activities: parts of the world at the times

http://exploration.grc.nasa.gov/education/rocket/ TRCRocket/Intro.html when significant rocketry

Orders of Magnitude: A History of the NACA and NASA, 1915-1990: events were occurring.
http://www.hg.nasa.gov/office/pao/History/SP-4406/contents.html
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Teacher Guide
Launching Ares

Introduction

America is returning to the Moon in preparation for human exploration on Mars. This preparation includes build-
ing an outpost at one of the lunar poles to serve as a scientific experimental station and training ground for a Mars
expedition.

NASA'’s Constellation Program will design the next generation of launch vehicles that will carry space explorers
back to the Moon and onward to Mars and other destinations. Unlike our Shuttle missions to the International
Space Station, which carry both personnel and equipment in one launch vehicle, NASA’s lunar exploration plan
will use two separate launch vehicles. Initially, the Ares | Crew Launch Vehicle will carry four-person crews of
astronauts aboard the Orion Crew Exploration Vehicle, to the Moon for periods up to ten days to construct and
inhabit the lunar outpost. The Ares | will also be able to take a crew of six to the International Space Station. The
Ares V Cargo Launch Vehicle will carry large payloads of heavy equipment, including the Earth departure stage,
which houses the lunar lander, Altair, to low-Earth orbit and beyond.

Engineers are building on a foundation of almost fifty years of proven space technology to build Ares I, which will
incorporate a reusable solid fuel rocket derived from the Space Shuttle solid rocket booster, and a J-2X rocket
engine, derived from the J-2 engine used on Saturn IB and Saturn V rockets. In fact, the Ares | and Ares V were
named after the Saturn IB and Saturn V rockets to pay homage to this heritage.

Ares V will also incorporate tested and proven technology. Its core stage will have two 5.5-segment reusable solid
rocket boosters to provide the necessary lift-off thrust. These are derivatives of the Space Shuttle solid rocket
boosters. The core stage also has a liquid-fueled central booster element with six RS-68 rocket engines, which
are a modified version of those used in the Delta IV launcher. The J-2X main engine, which will propel the Earth
departure stage, is the next generation of the J-2 upper stage engine used in the Saturn IB and Saturn V.

The student activities in “Launching Ares” consist of three parts: 1) the “Ground Challenge,” 2) “From Earth to the
Moon and Beyond,” and 3) the “Moon Challenge.” In the “Ground Challenge” student activity, students are tasked
with planning the most efficient method of transporting personnel, common construction materials, and supplies
to a scientific experimental station located in a remote area here on Earth. Their options will include the types

of ground transportation vehicles that are the latest versions of proven vehicles normally found in a construction
company’s inventory, no one of which meets all the requirements for the project. The “Ground Challenge” is
designed to give students a better understanding of the decision-making process that led to the determination

to use two types of Ares launch vehicles for future scientific exploration on the Moon and Mars.

In part 2 of “Launching Ares,” students read the text “From Earth to the Moon and Beyond,” page 34, which offers
a historical context for U.S. space exploration. It includes a discussion of the Apollo and Space Shuttle programs,
as well as a closer look at Ares, the next generation of launch vehicles. The text features links to videos and read-
ing comprehension reinforcement, as well as reflection questions to assist students in identifying the main ideas.
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The “Ground Challenge Activity,” page 43, provides students with a decision-making simulation that involves
ground-based vehicles and distances with which they have some familiarity. That exercise will prepare them for
the subsequent “Moon Challenge Activity,” page 47, in which they consider the launch vehicle requirements for
transporting personnel and construction materials to a lunar habitat and experimental station. In part 3, students
use their decision-making skills to determine what personal supplies are both needed and feasible for a lunar
mission. They will then plan the most efficient method of using an Ares rocket system to transport equipment,
personnel, supplies, and experimental equipment to the Moon.

Objective: The objective for these activities is for students to use a decision-making process similar to that used
by NASA scientists and engineers to accomplish the following:

e Match vehicle capacities with requirements to select the best possible transportation option for completing

each stage of a transportation project.

e Determine which supplies are vital for traveling through and living in a limited space in a “challenging”

environment.

National Science Standards Addressed

Grades 5-8

Science as Inquiry

Abilities necessary to do scientific inquiry.
Science and Technology

Abilities of technological design.

Understanding about science and technology.
History and Nature of Science

Science as a human endeavor.

History of science.

Grades 9-12

Science as Inquiry

Abilities necessary to do scientific inquiry.

Understandings about scientific inquiry.
Science and Technology

Abilities of technological design.

Understandings about science and technology.
History and Nature of Science

Science as a human endeavor.

Nature of scientific knowledge.

Historical perspectives.
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Principles and Standards for School
Mathematics Addressed

Number and Operations Standard for Grades 6-8

Compute Fluently and Make Reasonable Estimates
Select appropriate methods and tools for comput-
ing with fractions and decimals from among mental
computations, estimation, calculators, or computers,
and paper and pencil, depending on the situation,
and apply the selected methods.

Measurement Standard for Grades 6—8

Understand Measurable Attributes of Objects and

the Units, Systems, and Processes of Measurement
Understand both metric and customary systems of
measurement.

Problem Solving Standard for Grades 6-8

Solve Problems that Arise in Mathematics and in
other Contexts

Measurement Standard for Grades 9-12

Understand Measurable Attributes of Objects and

the Units, Systems, and Processes of Measurement
Make decisions about units and scales that are
appropriate for problem situations involving
measurement.

Problem Solving for Grades 9—-12

Solve Problems that Arise in Mathematics and in
other Contexts
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Materials

* Return to the Moon: The Journey Begins Now, available in the video archives at:
http://www.nasa.gov/mission_pages/constellation/main/index.html

¢ Mission Integration Managers: Audio with Kris Walsh.

e Getting Ready for Launch: Video with Joel Best.

Copies of the following for each student or group of students:

e Student activity, “Ground Challenge,” page 43.

e Student text, “From Earth to the Moon and Beyond,” page 34.

e Student activity, “Moon Challenge,” page 47.

e Pieces of colored construction paper labeled with the names of different types of equipment and supplies
to be transported. The labels include their masses and dimensions and the stage numbers in which they
are needed. (See Appendix D and E for label templates.)

Optional materials: Especially helpful for kinesthetic learners, construct manipulative representations of the

various transportation vehicles using different sized boxes, labeled with their maximum payload capacities
(see label templates in Appendix D):

e Pickup truck: Personal checkbook boxes approximately 3 1/2 by 6 inches (9 by 15 centimeters).

¢ Club cab pickup: Business checkbook boxes approximately 3 1/2 by 8 inches (9 by 20 centimeters).

e SUV: Select a box that has dimensions similar to those representing the pickup truck but with more depth.

¢ Trailers: Flat box similar to audiotape box approximately 3 by 4 inches (8 by 10 centimeters).

e Tractor-trailer: Shoebox.

e Tape or twist-ties to hook the trailers to the pickup trucks.

e Template labels can be placed on top of the boxes to represent the materials to be carried by a specific

vehicle in a specific stage.
e Masking tape to mark off a 12-foot (approximately 3.7-meter) diameter circle on the classroom floor.

Procedure

Part I: Ground Challenge Simulation

1.

Introduce the “Ground Challenge Simulation Activity” by telling students that the types of ground transporta-
tion that we use today — including automobiles, SUVs, pickup trucks, and tractor-trailer rigs — are the result of
many years of experimentation and redesign of older models of these vehicles. Through the years, engineers
evaluated older models, retained the best features, and improved those that had not proven acceptable or reli-
able to produce newer models. The construction project that students will be considering in this activity would
not have been possible using the trucks available sixty years ago. They did not have the payload/cargo capac-
ity, safety, technology, or the reliability required by this project simulation.

Distribute copies of the “Ground Challenge” student activity with the accompanying reporting sheet. Point out
the goal of the activity as described in paragraph two of the student handout. Make sure that students under-
stand that they should include at least two different options for transporting people, construction materials,
and equipment to the site. For each option, students should provide a rationale describing the benefits and
limitations of each. Divide the class into work groups, and give them any additional instructions you wish

to include, such as ways to divide the work, the time schedule for completing the reporting sheet, and the
method you have selected for sharing-out after they have finished.

Move around the room, answering questions that arise during group work and asking questions that provide
guidance as students work on the challenge activity.

During the follow-up session, give each group the opportunity to share the decisions recorded on their Ground
Challenge Activity report sheets. (See Appendix C for two possible options to give you an idea of the types of
responses students may have; however, many others are possible.) This report should include their rationale,
but it also could include the criteria (other than mass) they used for making the decisions.
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Continue by asking questions like the following:

a) Did all members of your group agree with your final decisions? If not, how did you decide what to include?

b) What factors, other than payload capacities and mass of equipment and personnel, might play a role in
making transportation decisions?

c) If you were the president of the company making the final transportation decisions based on the report
sheets of these “employee committees,” what vehicles would you decide to use for Trip 1? Trip 27 Trip 3?
Trip 4?7 On what basis did you make this decision (your own preferences or group preference)?

Part 2: From Earth to the Moon and Beyond

1.
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Distribute copies of the “From Earth to the Moon and Beyond” student text. Optional: Prior to the reading
assignment, establish the context of NASA’s Constellation Program by showing the short animation,
Return to the Moon: The Journey Begins Now, available in the video archives at the following URL:
http://www.nasa.gov/mission_pages/constellation/main/index.html. Then, explain to the students that
they will be reading a text that investigates past journeys to the Moon, as well as the future of solar system
exploration.

Comprehension and reflection questions are interspersed throughout the text to assist students in identifying
main ideas and recalling important information. Below are some suggested responses to the review questions:

a. What sparked human transportation into space? (President Kennedy’s 1961 challenge to Congress to
support efforts to send an astronaut to the Moon and back by the end of the decade was a catalyst.
Teachers may want to provide additional information about Sputnik, Yuri Gagarin, and the Cold War context
of the Space Race between the United States and the Soviet Union.)

b. How did the Apollo program contribute to space science and engineering? (Specific examples from the text
include: lunar surface experiments that contributed to our understanding of soil mechanics, meteoroids,
solar wind, and magnetic fields, to name a few; the engineering feats of the Saturn V rocket made human
travel to space possible, and the first space station was launched into orbit during the Apollo era.)

c. What was unique about the Space Shuttle system? (Many of the hardware components were reusable.)

d. What were some of the Space Shuttle program’s significant accomplishments? (Specific examples
mentioned in the text include: the launch and repair of the Hubble Space Telescope as well as building
and servicing the International Space Station.)

e. What happened to two of the orbiters during the Space Shuttle era? (Astronaut lives were lost during
two accidents involving orbiters: Challenger and Columbia.)

f. Match the launch vehicle components with their functions:

C Solid Rocket Boosters A Houses the astronauts during both the ascent

to the Moon and the descent back to Earth.
G_Fuel Tank B After lift-off, this powers Altair, the lunar lander,

and the Orion Crew Exploration Vehicle to the Moon
B J-2X Engine (Earth departure).

C Provides the first stage thrust for Ares | and Ares V.

O

D Instrument Unit Where the “brains” of the rocket are housed.

E Houses the equipment and eventually transports
A Orion Crew Exploration Vehicle the astronauts to their final lunar destination. It can
land anywhere on the Moon and can support a crew

H_Launch Abort System of four for up to seven days.

-

Powers the core stage or lift-off on the Ares V.
F_RS-68 Engines G The LOX/LH2 fuels the upper stage in both vehicles.

H Allows the astronauts to escape from the launch
E Lunar Lander vehicle if dangers arise.
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g. Which Ares launch vehicle components are based on similar technology used during the Apollo (Saturn) and

Space Shuttle programs? (The J2-X engine and solid rocket boosters.)

h. What is the purpose for having two different Ares launch vehicles? (Separating the crew from the cargo
improves safety to the astronauts.)

i. Based on the comparison table, how do changing characteristics of the various space vehicles reflect

NASA'’s goal to improve safety? (Ares | is a less complicated and lighter vehicle than the others. The crew

is located on top of the rocket, thereby enhancing the safety to the astronauts on board compared with the

Space Shuttle.)
j. If the crew of astronauts travel on Ares | and the cargo is onboard Ares V, how do these two payloads

eventually connect? (When Orion, the spacecraft aboard Ares | that carries the crew, reaches Earth orbit, it

docks with the Earth departure stage of Ares V, which carries the Altair lunar lander. The crew transfers to

the lunar lander for the final descent onto the lunar surface.)

k. What is the main difference between the lunar sortie and the lunar outpost missions? (Sortie missions are

short-term, preliminary planning missions to explore potential lunar outpost sites in preparation for the

longer missions. Outpost missions are long-term missions that require more permanent habitats. During
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these lunar outpost missions, astronauts can conduct long-term science and technology investigations.
Ultimately, these more permanent outpost sites will make travel beyond the Moon and on to Mars possible.)
I. The inflatable lunar habitat consists of a small airlock unit attached to a larger habitat. What is the function
of this airlock feature? (Safeguards astronauts by helping them to transition from the harsh atmospheric
conditions on the Moon to the controlled atmosphere within the habitat.)
Use the text as the basis for a discussion in which you help students compare the “Ground Challenge” to a
space challenge of transporting construction equipment to the Moon for the establishment of a human habitat
and an experimental station. Ask questions similar to the following. Accept student answers without comment
except to ask for clarification.

a. How would planning for the construction of an experimental station on the Moon be similar to the planning
that goes into the construction of a similar building on the ground? How might it be different?

b. How are the transportation vehicles available for a trip to the Moon similar to those you used to transport
building and living supplies to the ground station? How are they different?

c. What equipment and supplies (in addition to those you moved to the ground station), would you have
to transport to the Moon?

d. How would the use of inflatable, expandable structures change the ground challenge of transporting
building materials to a scientific exploration station?

Part 3: The Moon Challenge Activity A

1.
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To lead into the Moon Challenge activity, play N and discuss “Mission Integration Managers” with Kris
Walsh. Discuss the excitement of preparing for a mission and the role of the mission manager. Then play

the video “Getting Ready for Launch” with Joel Best to lead into a discussion of some of the things that might
be involved in preparing for a space mission.

Call students’ attention to the last section of the student text, which describes the “Moon Challenge.” Ask
what other questions they have about the “Moon Challenge.” You may wish to record student questions on
chart paper or on an overhead transparency to keep them for future reference.

Use masking tape to mark off a 12-foot (3.7 meter) diameter circle on the classroom floor. Ask students if they
know why you are doing this. (Students may recall that the lunar habitat in the “From Earth to the Moon and
Beyond” student text is 12 feet (3.7 meters) in diameter.) Tell students that any personal supplies they decided
to take to the Moon must fit in a habitat this size. Prompt students further by asking the following:

e How many astronauts will be sharing this living space? (at least 4)
e How does this size space compare with the living space in the International Space Station (ISS)?”
(Students may indicate that it is larger than the lunar habitat.) Inform students that the space station
is about 120 feet (36.6 meters) long; fully assembled, it will be approximately 354 by 243 feet (108
by 74 meters), about the length of a football field. You may wish to show them the indicated height
of the habitat. Some of them may be aware that personal supplies are “Velcroed®” to the walls of
the Space Shuttle.
Distribute copies of the “Moon Challenge” student activity with the accompanying report sheet. Divide the
class into work groups and give them any additional instructions you wish to include, such as ways to divide
the challenge work, the time schedule for completing the report sheet, and the method you have selected for
sharing-out after they have finished.

Move around the room, answering questions that arise during group work and asking questions that provide
guidance as students work on the challenge activity.

During the follow-up session, give each group the opportunity to share the decisions recorded on their “Moon
Challenge” activity report sheets. This report should include their rationale, but it could also include the criteria
(other than mass) that they used for making the decisions.

After you listen to the personal supply decisions, students should answer the conclusion questions found
at the end of the student activity sheet:

a. Why do you think that you were required to transport the lunar habitat in the first trip? (Answers could
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include: The sooner the habitat is constructed, the sooner it would be possible for astronauts to live in it
rather than in the very small lunar lander. Or, the habitat is necessary to protect supplies and equipment
from the environment.)

b. If students did not transport the power supply, the Atmospheric Revitalization System (ARS), and the Water
Recovery System (WRS) in the second trip, ask them why not? (To help you make the students aware of the
necessity of the ARS and WRS for astronaut survival, see the hotlinks to “Space Water” and “Space Breath-
ing” available at the following URL: http://spaceflight.nasa.gov/living/index.html

c. If students selected electrical equipment — such as a refrigerator, microwave, coffee maker, toaster, wash-
ing machine and dryer — ask them to consider how much power supply these appliances would use. Do you
think the solar panel will supply that much electricity? (To find out what electrical appliances the astronauts
on the ISS have, you may want students to look at the links for “Eating and Drinking” and “Doing Laundry”
available at the following URL: http://spaceflight.nasa.gov/living/index.html. Or, you might want to search
for some pertinent parts of the site so that you will be ready to help them decide whether or not these were
wise choices in terms of space and use of power supplies.)

d. If students decided to take beds, desks, a kitchen cabinet, or a wardrobe to the Moon, ask them how they
would arrange these items in the 12-foot (3.7-meter) diameter circle. (For more details, go to “Space Sleep”
available at: http://spaceflight.nasa.gov/living/index.html. This will supply some insights into where and
how astronauts sleep and eat in space, and how they will sleep and eat on the Moon.)

e. Explain some of the obstacles NASA faces in planning lunar missions with limited budgets? (Answers could
include that budgets can limit the amount and type of equipment and supplies that can be transported to
the Moon. When faced with budget constraints, mission planners must consider only those things that are
most important for the survival of the crew and those that are necessary to accomplish mission objectives.)

f. Why is communication important when planning missions? (Answers could include that communication is
essential because mission planners must communicate with engineers and mission operations personnel
to ensure that the proper payload and supplies are being built and installed in a way to optimize space and
mass constraints and are optimized for astronauts to successfully accomplish mission objectives. Students
also might suggest that problems with communication could result in a mission failure or even loss of life.)

8. As aclass, go through the personal supply list in the “Moon Challenge” activity sheet and decide which of the
items on the list are necessary for astronaut survival on the Moon. Ask students how their decisions changed
now that they are more aware of the space limitations and the way in which ISS astronauts live?

9. Finally, ask them if anyone would like to go to the Moon as a part of NASA’s Vision for Space Exploration?
Why or why not?

Teacher Resources

Shuttle History and Missions:
http://aerospacescholars.jsc.nasa.gov/HAS/Modules/Shuttle-to-Station/2/4.cfm

This NASA site features a host of interesting information about Living in Space:
http://spaceflight.nasa.gov/living/index.html

Sputnik and the Dawn of the Space Age:
http://www.hq.nasa.gov/office/pao/History/sputnik/

NASA Johnson Space Center Fact Sheets:
http://www.nasa.gov/centers/johnson/about/factsheets/index.html

NASA’s Constellation Program page features several engaging and informative online videos:
http://www.nasa.gov/mission_pages/constellation/main/index.html

Constellation Program: America’s Fleet of Next-Generation Launch Vehicles: The Ares | Crew Launch Vehicle:
http://www.nasa.gov/pdf/151419main_aresl_factsheet.pdf

NASA Facts: Fact Sheet:
http://www.nasa.gov/pdf/183996main_FS-Transition.pdf
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Student Text
From Earth to the Moon and Beyond

Currently, NASA engineers are making decisions regarding not only transport
vehicles, but also how to supply essentials like oxygen and water to support
human life over long periods of time until these astronauts learn to “live off

the land.” This is a goal for twenty-first century spaceflight. Before we learn
about America’s next generation of rockets that will propel us to the Moon and
beyond, we will review two of the most recent human transport systems that
have lifted humans off the face of the planet — Apollo and the Space Shuttle.

Transporting Humans to Space: A Look Back in NASA History

On May 25, 1961, President John F. Kennedy presented a challenge to a

joint session of the United States Congress. “I believe that this nation should
commit itself to achieving the goal, before this decade is out, of landing a man
on the Moon and returning him safely to the Earth.” This challenge mobilized
the scientific and engineering communities who were determined to accom-
plish this goal. After successfully testing rockets and capsules that could
keep humans alive in space with the Mercury and Gemini programs, the
Apollo program was born.

-3

Highlights of the Apollo Program John F. Kennedy addresses

The Apollo program included a large number of un-crewed test missions Congress
and eleven crewed missions. The eleven crewed missions included two
Earth-orbiting missions, two lunar-orbiting missions, a lunar swing-by, and
six Moon-landing missions. To accomplish the goal that President Kennedy
outlined in 1961, the Apollo program was designed to land humans on the
Moon and bring them safely back to Earth. Six of the missions — Apollo 11,
12, 14, 15, 16, and 17 — achieved this goal.

The lunar-surface experiments conducted during the Apollo era included: soil
mechanics, meteoroids, seismic, heat flow, lunar ranging, magnetic fields, and
solar wind experiments. The rocket that propelled the astronauts to the Moon
was the gigantic Saturn V. This is the most powerful rocket ever flown. It was
launched thirteen times between 1967 and 1973. In total, the Saturn V carried
27 astronauts into space. The final launch of a Saturn V placed Skylab, the first
U.S. space station, into orbit around the Earth.

The Space Transport System
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The Space Shuttle Program

In 1981, a new system of launch vehicles made its debut with the Space
Transportation System (STS) commonly called the Space Shuttle
program. The purpose of the Shuttle is to deliver payloads into Earth
orbit and to dock with satellites and the International Space Station (ISS).
The Space Shuttle system is unique because almost all of the compo-
nents are reusable (the exception is the external fuel tank). The system
consists of four primary elements: an orbiter spacecraft, two solid rocket
boosters (SRB), an external tank to house fuel and oxidizer, and three
Space Shuttle main engines. The orbiter acts like a rocket upon ascent,
a spacecraft while in orbit, and a glider as it returns to Earth.

Five orbiters have flown into space: Columbia, Challenger, Discovery,
Atlantis, and Endeavour. One orbiter was lost due to an accident during
ascent (Challenger in 1986) and one during descent (Columbia in 2003).
While the Space Shuttle contributes to many significant accomplish-
ments for human spaceflight, including the launch and repair of the
Hubble Space Telescope and missions to build and service the space
station, in 2004 NASA was charged with developing new vehicles to
explore the Moon, Mars, and beyond.

Ares: The Next Generation

The next generation of launch vehicles is called Ares, named after the
Greek God whose Roman counterpart is Mars. The Ares launch system
is part of NASA’'s Constellation Program and is designed for trips to

the International Space Station, the Moon, and eventually to Mars and
other destinations. The Ares launch vehicles include the Ares | Crew
Launch Vehicle and the Ares V Cargo Launch Vehicle. These rockets
capitalize on technologies previously used with the Saturn V, and the
Space Shuttle, as well as other rockets.

Future astronauts will ride the Orion Crew Exploration Vehicle to orbit
on Ares |, which uses a single five-segment solid rocket booster, a
derivative of the Space Shuttle’s solid rocket booster, for its first stage.
A liquid oxygen/liquid hydrogen J-2X engine derived from the J-2
engine used on Apollo’s second and third stages will power the crew
exploration vehicle’s upper stage.

Ares V, a heavy-lift launch vehicle, will use a 10-meter-diameter core
stage powered by six RS-68 liquid oxygen/liquid hydrogen engines,
and two 5.5-segment solid propellant rocket boosters for the first stage.
The upper stage, known as the Earth departure stage, will use the same
J-2X engine as the Ares |. This versatile system will be used to launch
the Altair lunar lander and other large cargo into Earth orbit and send it
to the Moon. For the lunar mission, the Orion crew vehicle, launched by
Ares |, will rendezvous with the Earth departure stage and Altair for the
lunar trip. The J-2X, which put the Earth departure stage in Earth orbit,
will ignite a second time to send the Altair/Orion vehicle to the Moon.

Student Text —From Earth to the Moon and Beyond

Artist’s concept of Ares | (left)
and Ares V (right).
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To learn more about the Ares | and Ares V rockets, go to http://www.nasa.gov/mission_pages/constellation/
ares/ares_education.html to see the following videos featuring Bob Armstrong and Joel Best from NASA’s

Marshall Space Flight Center.

Ares | Video

In this video, Bob Armstrong

discusses the Ares | Crew Launch
Vehicle. The Ares | is a two-stage
vehicle that stands over 328-feet.

Ares V Video

This video introduces the Ares V
Cargo Launch Vehicle. The Ares
V is the sister vehicle of the crew
launch vehicle, the Ares |. The
Ares V will be the largest rocket
ever built.

Why Two Rockets? Video

The Shuttle system involves
launching astronauts, supplies,
and cargo (in the payload bay)
into low-Earth orbit. Following
the tragic losses of the crew in
the Challenger and Columbia
orbiters, NASA review panels
determined that future launch
systems should separate crew
from cargo. In doing so, the
rocket that launches the crew
(Ares I) will be a simpler design
and feature a special evacuation
system for the astronauts to
escape in the event of an
emergency with the launch
vehicle. Learn more as this
video discusses why there

are two rockets instead of one.

Why Go to the Moon? Video

Joel Best discusses why NASA
wants to return to the Moon in this
video. In the beginning missions,
four-person crews will make
several seven-day trips to the
Moon. Eventually there will be

a lunar outpost developed on the
Moon with permanent living and
working quarters.
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Space Vehicle Comparisons
The table and diagram below contain comparisons of the recent rockets used to launch humans into space.

Comparison of Space Vehicles
SaturnV Space Shuttle Ares | Ares V
Height 363 ft. (111 m) 149.6 ft. 325ft. (99 m) Astallasa | 381 ft. (116 m)
(45.6 m) 32-story building As tall as a 38-story building
Weight A fully fueled 6.69 million Ib 4.4 million Ib 2 million Ib (907,000 kg) | 8.2 million Ib (3.7 million kg)
747 weighs 1 million Ib | (3 million kg) (2 million kg)
(4.5 million kg)
Payload 260,150 Ib (118,100 kg) | 53,700 Ib (24,360 kg) 56,200 Ib (25,000 kg) 413,807 Ib (187,699 kg)
28 one-ton pickup trucks | 207 one-ton pickup trucks
worth of payload worth of payload
Number of Astronauts | Up to 3 astronauts Up to 7 astronauts 4 1o 6 astronauts Not Applicable
Location of In capsule on top of In orbiter attached to side | In crew vehicle on top of | Not Applicable
Astronauts third stage of launch vehicle second stage
122 m_
(400 ft)
91 m_|
(300 ft)

61 m
(200 ft

Overall Vehicle Height, m (ft)

30 m_|
(100 ft)

-

I

(LLLL

Space Shuttle Ares| Afés Vv
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Review Questions
1. What sparked America’s human exploration of space?

2. How did the Apollo program contribute to space science and engineering?

3. What was unique about the Space Shuttle system?

4. What were some of the Space Shuttle program’s significant accomplishments?

5. What happened to two of the orbiters during the Space Shuttle era?
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6. Match the launch vehicle components with their functions:

Solid Rocket Boosters A Houses the astronauts during both the ascent to the
Moon and the descent back to Earth.

Fuel Tank B After lift-off, this powers Altair, the lunar lander, and
the Orion Crew Exploration Vehicle to the Moon
(Earth departure).

C Provides the first stage thrust for Ares | and Ares V.
Where the “brains” of the rocket are housed.

J-2X Engine

O

Instrument Unit

E Houses the equipment and eventually transports the
astronauts to their final lunar destination. It can land
anywhere on the Moon and can support a crew of
four for up to seven days.

Orion Crew Exploration Vehicle

Launch Abort System

-

Powers the core stage or lift-off on the Ares V.
RS-68 Engines G The LOX/LH2 fuels the upper stage in both vehicles.

H Allows the astronauts to escape from the launch

Lunar Lander vehicle if dangers arise.
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7. What Ares launch vehicle components are based on similar technology used during the Apollo (Saturn)
and Space Shuttle programs?

8. What is the purpose for having two different Ares launch vehicles?

Lunar Transportation

Until now, NASA missions that transported astronauts to

the Moon have used the Saturn V rocket to launch the Apollo
command module and the lunar excursion module (LEM) into
orbit. The Space Shuttle, lifted into space by its solid rocket
boosters (SRB), has been used to launch and repair the Hubble
Space Telescope, conduct science experiments in microgravity, | \ 3
and to service the International Space Station. Both the Apollo -
and Space Shuttle missions were relatively short-term, with no
permanent habitat being constructed.

To complete the lunar and Mars exploration missions, it will be ’

necessary to transport habitat components, survival supplies, ' [

and scientific equipment to the Moon’s surface to support i1

a permanent outpost station. Therefore, NASA engineers are - :

making decisions regarding not only transport vehicles, but _ E -+ |
also how to supply essentials like oxygen and water to support Inflatable Structures Project Le;der Karen
human life over long periods of time until the astronauts learn Whitley stands in the center of the 12-foot (3.65

to “live off the land.” meter) diameter inflatable lunar habitat at NASA
Langley Research Center, Hampton, Va.

/Je}f Caplan

[

In the “Ground Challenge,” you made decisions using currently

available ground transportation vehicles, but you were aware

that the current models of these vehicles had been developed and improved over the last century. NASA engineers
are designing a space transportation system built on a foundation of legacy knowledge and heritage hardware
from the Apollo-Saturn and Space Shuttle programs.

The Ares | is designed to lift the Orion Crew Exploration Vehicle (CEV), which carries the crew and supplies,

into low-Earth orbit. Orion can carry six crewmembers and supplies to the International Space Station. In a trip

to the Moon, however, four crewmembers and their supplies will be used. This will allow for more supplies and
more room for the astronauts on this longer journey. The Ares V launches the lunar lander, Orion, into orbit. On
the way to the Moon, Orion docks with the Earth departure stage carrying the lunar lander, Altair, which takes the
crew to the Moon. Upon arrival, all four astronauts will be able to go down to the surface in the Altair. When they
return, the bottom half of the Altair (the descent portion) stays on the Moon. The top half (the lander ascent stage)
lifts off and re-docks with Orion. Altair is then ejected. Orion’s service module fires its engines and sends the Orion
crew capsule back toward Earth. The service module separates, and the Orion crew module lands on Earth using
a combination of a heat shield, which has been protected by the service module during the other phases of the
journey, parachutes, and airbags for cushioning. The Orion crew capsule will land on land, probably at Dryden
Flight Research Center at Edwards Air Force Base in California.
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Lunar Living — Camping
on the Moon

As part of its Global Exploration
Strategy, NASA plans to build

an outpost on the surface of the
Moon — a base camp that would
be busy when visitors are there,
but that can be abandoned for
long periods without long-term
harm. Based at the outpost,
astronauts will learn to use the
Moon’s natural resources to

live off the land, make prepara-
tions for a journey to Mars, and
conduct a wide range of scientific
investigations. The first mission
could begin by 2020.

Artist’s concept of the lunar lander and astronauts on the moon.

Lunar Sortie Missions

Until permanent living quarters and power supplies are operational and Moon rovers are delivered, four-person
crews will make several seven-day “sortie missions” to the Moon. A sortie is a short single mission flight. They
will be based in a lunar lander that has a kitchen and sleeping areas, as well as medical care, storage, and waste
collection facilities.

They will be able to conduct exploration missions at any location on the Moon. Sortie missions may be used
to explore potential lunar outpost sites before more permanent building materials are delivered.

Lunar OQutpost Mission

For longer lunar missions, more permanent living and working quarters are needed to allow astronaut crews
to conduct long-term surface science, to learn to spend more time outside the habitat, and to test technology
for future use. The lunar outpost housing will be delivered and constructed at a permanent surface location.

It will provide larger and more comfortable crew accommodations than those in the lunar landers.

As the outpost construction takes place, mission lengths will be extended to an entire lunar day (28 Earth days),
and then to permanent crew rotations that eventually would grow to six months on the lunar surface. The outpost
habitat will be reused over multiple expeditions, and as a result will function during active periods when the crew
is present and be placed in a dormant mode when it is not in use. Ultimately, the goal of the lunar outpost is
continuous presence of surface crews.

The longest that any of the Apollo Mission astronauts stayed on the Moon was 75 hours (about three days). There-
fore, the first step in making a lunar outpost a reality will be to determine what accommodations will be necessary
for humans to live and work safely on the Moon’s surface over an extended period of time.
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Lunar Habitat

One possible type of lunar habitat being considered consists
of inflatable, expandable structures as building blocks for a
lunar base. According to Chris Moore, NASA Exploration Tech-
nology Development Program Executive, “Inflatables can be
used as connectors or tunnels between crew quarters and can
provide radiation shelter if covered with lunar soil.” The photo-
graph shows a “planetary surface habitat and airlock unit.”
The larger structure, which is 12 feet (3.7 meters) in diameter,
is made of self-healing, radiation protective materials. There

is a small inflatable structure attached to the larger structure
that serves as an airlock. Both cylinders are pressurized and
connected by an airtight door.

Whether the final selection of the lunar habitat is inflatable or
constructed in some other way, it will be designed for extreme
living and working conditions. There are plans to test the
possible structures in the harsh environment of the Antarctic.

Moon Challenge

=
K
o
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=
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The “planetary surface habitat and airlock unit”

has been delivered to NASA Langley for ground-

based evaluation of emerging technologies such
as health monitoring of flexible structures.

Based on your performance on the “Ground Challenge,” you have demonstrated your ability to build a research
facility. In the “Moon Challenge” activity, you are asked to determine the supplies needed for a scientific experi-
mental station to be launched by the Ares rocket system, transported to, and constructed on the Moon. You
should use the “Moon Challenge” student activity sheet to begin the planning process.
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Student Activity
Ground Challenge

Background Information

Your Ares construction company has contracted to construct a scientific experimental station, living quarters

for personnel operating the station, and a power plant to provide electricity, water, and a clean air supply for the
complex. This complex will be located in a remote, high-altitude desert one thousand miles from your company’s
headquarters.

In this “Ground Challenge,” using the transportation vehicles your company has available, you will plan the most
efficient method of transporting personnel, common construction materials, and supplies for a scientific experi-

mental station to a remote area here on Earth. You should plan at least two different transportation options.
A rationale for benefits and limitations for each option should be presented.

This construction will take place in four stages, as outlined in the table below; each stage requires a separate trip
to deliver personnel with specialized capabilities. The complex is contracted to be operational in seven months,
after which a group of scientists will take charge of maintaining the complex. By this time, you will have trans-
ported a solar-powered vehicle to the complex, which you will leave for their use.

The total mass of supplies and equipment that must be transported during the first two trips is 16,430 pounds
(7,450 kilograms). The remaining supplies and equipment, totaling 14,500 pounds (6,580 kilograms), must be on
site during the next two construction trips. During this time, teams of four people will be rotated every seven days,
but transport vehicles may stay on site for as long as one month. The supplies can be transported before the trip
in which they will be used.

Delivery Schedule

Ground Challenge: Schedule for delivery of manpower, supplies, and equipment

Trip # Labor for

Supplies for

Estimated Mass

1 Setting up 20 ft by 50 ft

(6.1 by 15.2 m) building to

accommodate:

e Personnel housing

e \Water production
equipment

e Power equipment and
supplies

e Housing for experimental
equipment including air
conditioning

20 ft by 50 ft (6.1 by 15.2 m) metal
building outside walls/roof/founda-
tion/floor inside partition walls to
house:

e Personnel housing/food (will have
to take bedding and one week’s
supply of food with them)

e Water production/storage

e Equipment (one week’s supply)

* Power equipment storage and
supplies

e Experimental research area

e Building: 6,000 Ib (2,722 kg)

e |nsulation: 200 Ib (91 kg)

e Foundation materials: 2,000 Ib (907 kg)

e Flooring sections: 1,000 Ib (454 kg)

e |nterior wall finish: 500 Ib (227 kg)

e Lumber: 400 Ib (181 kg)

e Construction equipment: 500 Ib (227 kg)

e Sleeping bags

e Food/Water for the team for one week: 250 Ib (113 kg)

Total: 10,850 Ib (4,922 kg)

Student Activity — Ground Challenge
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Ground Challenge: Schedule for Delivery of Manpower, Supplies, and Equipment
Trip . .
Labor for Supplies for Estimated Mass
number
2 Finish inside construction | e Supply equipment (generator or e Cabinetry materials: 1,000 Ib (454 kg)
to create: solar panels) and supplies ¢ Plumbing supplies (include water supply): 1,750 Ib
e Personnel housing area | e Laboratory area for experimental (794 kg)
e Operational power research e Electrical supplies (include air-conditioning): 1,000 Ib
supply, (454 kq)
e Operational water supply e Power supply: 1,000 Ib (454 kg)
e Tools and construction equipment: 500 Ib (227 kg)
e Sleeping bags
¢ Food/water for the team for one week: 250 Ib (114 kg)
Total: 5,500 Ib (2,497 kg)
3 Install air conditioning in e Air conditioning equipment/sup- ¢ Food supply/staples for 6 months: 5,000 Ib (2,268 kg)
experimental research area | plies for experimental research e \/ehicle: 2,000 Ib (907 kg)
equipment
e 4 by 4 solar-powered vehicle Total: 7,000 Ib (3,175 kg)
4 Set up experimental Equipment 7,500 Ib (3,402 kg) (This mass can be broke into parts if
equipment needed.)

Transportation Choices
Your company has the following types of transport vehicles available for this project:

44

One full-sized pickup truck with a 1,750-pound (794-kilogram) maximum payload capacity and a towing
capacity of 5,000 pounds (2,268 kilograms). This truck can hold three people, whose weight is considered
part of the maximum payload. The bed of the pickup is 4 by 8 feet (1.2 by 2.4 meters).

One club cab pickup that can hold four people and has a total maximum payload capacity of 2,000 pounds
(907 kilograms) and a towing capacity of 6,000 pounds (2,721 kilograms). The bed of the pickup is 4 by
6.5 feet (1.2 by 1.9 meters).

Two trailers that can be towed by either pickup truck; one with a maximum of 6,000 pounds (2,721 kilo-
grams) payload capacity, another with a maximum payload capacity of 3,000 pounds (1,361 kilograms).
Both trailers are 12 feet (3.7 meters) long.

One SUV that can hold seven passengers and their luggage/food/water supply for a seven-day stay, or
four passengers (and luggage) plus 750 pounds (340 kilograms) of construction equipment or tools.

One tractor-flat-bed-trailer rig that can carry a maximum payload of 40,000 pounds (18,144 kilograms).
The trailer can remain on-site for two months, but the tractor will return to company headquarters at the
end of one week. The flat-bed trailer measures 48 feet (14.6 meters) long by 8.5 feet (2.6 meters) wide.
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Ground Challenge Reporting Sheet

Directions: Plan at least two efficient methods of transporting personnel and equipment to the construction
site so that the complex will be completed as scheduled. The maximum number of trips you can make is four.
Efficiency is defined as hauling as much as possible during each trip with the smallest vehicles possible. Note
your transportation choices for each of the four trips. Offer two possible options in the tables below and provide

a clear rationale to support your decisions.

Option 1 Trip

Transportation Choices

Trip 1

Trip 2

Trip 3

Trip4

Rationale for
Option 1

Student Activity — Ground Challenge
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Option 2 Trip

Transportation Choices

Trip 1

Trip 2

Trip 3

Trip4

Rationale for
Option 2
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Student Activity
Moon Challenge

Background

Based on your performance on the “Ground Challenge,” your Ares
Construction Company has demonstrated its ability to build a research
facility on Earth. In this “Moon Challenge,” you will determine what
personal supplies are needed and can be accommodated in a lunar
scientific experimental station. Then, using the Ares rocket system, you
will plan the most efficient method for transporting the habitat and life-
support equipment, personal supplies, and experimental equipment

to the Moon.

Habitat Size Constraints

The “From Earth to the Moon and Beyond” student text showed one
model of the lunar habitat, measuring 12 feet (3.7 meters) in diameter.
Another housing possibility, shown to the right, is a three-level vertical
lunar habitation model. The lowest level of this vertical structure has an
airlock for entering and leaving the structure. The second level includes
living and recreational space, and the top level houses the scientific
workspace. If the man in the photo is 6 feet (1.8 meters) tall, you can

. . Larry Toups stands in front of the
estimate the size of the structure. Lunayr Habpitation Vertical Mockup

at Johnson Space Center. He is
holding a model of the structure.

Payload Constraints

The total mass of the payload for Ares | Crew Exploration Vehicle (CEV) is estimated to be 56,217 pounds (25,500
kilograms). The main payload for the Ares V is the Altair lunar lander, which will weigh an estimated 99,208 pounds
(45,000 kilograms). The combined payload for both Ares | and Ares V is estimated to be about 155,425 pounds
(70,500 kilograms). You will be allowed approximately 8,000 pounds (3,630 kilograms) for supplies to establish
your lunar outpost. Assume each mission to be four weeks in duration. Your task is to design a delivery schedule
for at least four missions to carry the needed equipment to the Moon.

For planning purposes, assume that each mission would include between four and six astronauts. Keep in mind
that the greater the number of astronauts flying on a given mission, the greater the number of supplies that will
be needed to sustain them.

On the next page are estimated weights for items you may choose to take. Be sure to include the lunar habitat
(7,000 pounds or 3,175 kilograms) on the first mission. The experimental equipment and lunar rover may be
transported in subsequent missions.
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Supply Estimates

Supplies for

Approximate Mass

Lunar Habitat

7,000 Ib (3,175 kg)

bring food/supplies for future missions.

Personnel Food and Water: You will have to take a four-week supply of food/water and possibly

Food/Water for one week
250 1b (110 kg)

Personnel Supplies:

50-watt Solar Panel
Power-boost Generator
Atmospheric Revitalization System and Water Recovery System

Kitchen Cabinet 40 1b (18 kg)
Mini Refrigerator 70 1b (30 kg)
Refrigerator 315 1b (145 kg)
Microwave 70 1b (30 kg)
Lunar Dust Buster 10 Ib (4.5 kg)
Electric Coffee Maker 51b (2.5 kg)
Toaster (4-slice capacity) 71b (3 kg)
Toaster (2-slice capacity) 41b (2 kg)
Washing Machine 200 Ib (90 kg)
Dryer 150 Ib (70 kg)
Bunk Bed 280 Ib (125 kg)
Single Bed 150 Ib (70 kg)
Table 110 Ib (50 kg)
Tool Set (160 piece) 29 1b (13 kg)
Tool Set (300 piece) 65 Ib (30 kg)
Books (3) 31b (1.4 kg)
Bookshelves 351b (15.9 kg)
CD Player 351b (15.9 kg)
Video Game Set 61b (2.7 kg)
Desk (office size) 150 Ib (68 kg)
Desk (small) 70 1b (32 kg)
Chair (1) 20 Ib (9 kg)
Sleeping Bag 71b (3 ko)
Foot Locker (trunk) 30 1b (13.6 kg)
Wardrobe 140 Ib (64 kg)
Treadmill 154 1b (70 ko)
Medical Kit 71b (3.2 kg)
Extension Ladder 70 1b (32 kg)
Power Supply Equipment:

25 b (11.3 kg)
174 1b (79 kg)
6,000 Ib (2722 kg)

Apollo Style Lunar Roving Vehicle

460 Ib (209 kg)

Experimental Equipment

7,500 Ib (3400 kg)
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Moon Challenge Reporting Sheet

Directions: Referring to the Supply Estimates list, determine which supplies will be transported during each of
the four lunar missions. ltemize the mass for each supply and provide totals for each mission in the “Total Mass”
column. Then, provide a rationale for your supply selection.

. Total Mass
LIS DT 1 RO ST G 1 5 (Must not exceed 8,000 pounds or 3629 kilograms)

1 1 Lunar Habitat

Rationale

Rationale

Rationale

Rationale
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Conclusion Questions
1. Why do you think that you were required to transport the lunar habitat in the first trip?

2. Did you transport the power supply, the Atmospheric Revitalization System (ARS), and the Water Recovery
System (WRS) in the second trip?
Why or why not? (See the hotlinks to “Space Water” and “Space Breathing” available at:
http://spaceflight.nasa.gov/living/index.html

3. Did you select electrical equipment — such as a refrigerator, microwave, coffee maker, toaster, washing
machine, or dryer?
How much of the power supply will these appliances use?
Do you think the solar panel will supply that much electricity? (To find out what electrical appliances the astro-
nauts have on the International Space Station, you may want to look at the links for “Eating and Drinking” and
“Doing Laundry” available at: http://spaceflight.nasa.gov/living/index.htmil)

4. If you decided to take beds, desks, a kitchen cabinet, or
a wardrobe to the Moon, how would you arrange these items
in the 12-foot (3.7 meter) diameter circle? (For more details,
go to “Space Sleep” available at:
http://spaceflight.nasa.gov/living/index.html. This will supply
some insights into where and how astronauts sleep and eat in

space, and how they will sleep and eat on the Moon.)

5. Explain some of the obstacles NASA faces in planning lunar missions with limited budgets.

6. Why is communication important when planning missions?
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Teacher Guide
Investigating Water Rockets: Abbreviated Approach

Background Information

This teacher’s guide represents an alternate approach to conducting the Interaction/Synthesis section of this
module in a shorter time frame and with less teacher preparation than is required if each group studies different
variables in design (expert) teams. However, the safety aspects of this approach are still important and are noted
below for the instructor and students to follow. The following table is a synopsis of the two approaches, so you will
be able to make a decision that best meets your needs:

Interaction/Synthesis and Assessment Comprehensive Approach Abbreviated Approach
Safety Rules/Safety Checklist Yes Yes
Measuring Altitude Yes Yes
Nose Cone Group Yes No

(While the nose cone is not tested, it should be
constructed for the final assessment.)

Fin Number and Placement Yes No
Fin Shape and Size Yes Yes
Propulsion Volume of Water Yes Yes
Individually in expert groups As a class
Pressure of Water Yes No
Weather or Not Yes No
You Get What You Pay For Optional No
Fly Me High (Assessment) Yes Yes

A critically important issue for these sessions is safety. Water bottle rocketry is fun, and it can be a great vehicle
for understanding many scientific concepts; however, all safety precautions must be followed.

During this session, students will get a complete overview of the safety issues involved with building and launch-
ing bottle rockets. Safety is a major issue. Be certain that you study the accompanying “Safety Rules” with your
students and that you monitor strict safety regulations during all launches. Instruct students to refer to the “Safety
Checklist” each time they build or launch. Specific information is included in this unit.

In addition to learning about safety precautions, students will build an altitude tracker and practice using it in
preparation for the upcoming rocket launches. The altitude tracker makes use of simple trigonometry to determine
the altitude a rocket reaches in flight. For most accurate readings, at least four altitude readings should be taken.
These reading stations should be at a distance of 33 feet (10 meters) from the launch pad at each position includ-
ing north, east, south, and west. Once a rocket is launched, the four student spotters (standing at reading stations)
should follow the path of the rocket through the altitude tracker sighting tube. When the rocket reaches its highest
point (apex), each spotter should hold the weighted string in the position that it naturally falls and read and record
the angle. Once the four angles are gathered, the high and the low angles should be omitted. The two remaining

Teacher Guide — Investigating Water Rockets: Abbreviated Approach 51




Ares: Launch and Propulsion: An Educator’s Guide with Activities in Science and Mathematics

angles should be averaged. Students should then find the angle on the conversion chart, identifying the height that
the rocket reached.

The teacher’s guide in this section is divided into information for teachers to interact with student groups. Each
group will be working on the same type of testing at the same time. The teacher’s role becomes that of a facilitator
of learning, rather than the source of knowledge. Encourage them to ask questions and find answers for them-
selves throughout the process. Your close supervision is required during the test launches. We recommend that
you schedule test launches on one specific day of the week or when a critical mass is ready to test their variable.
You may want to recruit the assistance of another adult to assist in this process.

National Science Standards Addressed
See: Investigating Water Rockets: Comprehensive Approach

Materials

Activity 1: What Do | Need to Know Before Launch?
e “Appendix J Safety Rules,” page 124.
e “Appendix K Safety Checklist,” page 126.
e Student activity, “Measuring Altitude,” page 62.
e “NASA Altitude Tracker,” page 123. (This pattern can be copied or glued onto tag board.)
e Thread, lightweight string, or fishing line.
¢ Cellophane tape.
e Small washer or 1-2 ounce (28-57 gram) fishing sinker.
e Scissors.
e Rope or string to measure out range (33 feet or 10 meters).
¢ Angle-to-Height Conversion Chart, page 64.
e Tennis ball per pair of students.

Activity 2: Propulsion for Entire Class
e Student activity, “Altitude vs. Water Volume,” page 84.
e Several two-liter plastic soft drink bottles.
e Water.
¢ Graduated cylinders (one-liter).
e Tire pump or air compressor.
e Safety glasses.
e Altitude trackers.
e Conversion chart, page 64.
¢ Rope to measure out range (33 feet or 10 meters).
e Compass to determine north, south, east, or west.
e Launcher (see Appendix G) or search the Internet to purchase a launcher.

Activity 3: Fin Shape
e Student activity, “Investigating Fin Shape or Size,” page 72.
e Paper towel tubes.
e Tag board (for fins).
e Ruler.
e Cellophane tape and/or glue.
e Scissors.
e Safety glasses.
e L aunching mechanism (vacuum with blower or leaf blower).
e Yard (or meter) stick for measuring distances.
e Arrows: some with and some without feathers.
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Preparation

1. Gather materials for all of the activities.

2. Make copies of “Student Activity” pages. The Altitude Tracker needs to be copied on heavy weight paper.
3. Make a sample altitude tracker to use as an example.
4

Construct a water bottle rocket launcher or search the Internet to purchase a pre-made launcher. Instructions
for construction of the launcher are located in Appendix G.

Activity 1: What Do | Need to Know Before Launch?

Procedure

1. Read through all the “Safety Rules,” page 124, with the students and then refer to the “Safety Checklist,”
on page 126. Students should sign the safety rules. If you have already discussed the safety rules with the
students, ask them to point out the safety issues to you as they read through the directions for “Constructing
an Altitude Tracker,” which is included in the “Measuring Altitude” student activity on page 62.

Have each student construct an altitude tracker. The altitude tracker pattern can be found in Appendix .

Have students complete the student activity, “Measuring Altitude,” in their small groups.

Activity 2: Propulsion for Entire Class

Working as a class, students will determine the best water volume to make a two-liter bottle go the specified
height (98 feet or 30 meters). The goal of this investigation is to gather evidence regarding optimum water volume
based on their observations.

Background Information:

A water bottle rocket is a two-liter soda bottle filled with compressed air and water. During launch, when the pump
valve is opened, the compressed air and water are released, sending the rocket in an upward direction. Students
will have the opportunity to experience Newton’s Three Laws of Motion as well as expand their conceptual under-
standing of motion, force, mass, and momentum.

For a detailed explanation of how these Three Laws of Motion apply to water bottle rockets, see the student text,
“Newton’s Laws of Motion and Rockets,” on page 21.

Procedure:

1. While this activity will be completed as a class, students are each responsible for completing the student
activity sheets, “Altitude vs. Water Volume,” beginning on page 84. The following procedure will help you to
facilitate this whole-class activity:

a. Remove the labels from the bottles.

b. Fill bottles with pre-determined volumes of water and cap the bottles. To streamline the procedure, have a
group of students measure volumes of water that would have the bottle completely full, three-quarters full,
half-full, one-quarter full, and empty.

. Put one bottle at a time on the launch pad and apply 50 psi of pressure.

. Use a compass to determine locations. Have an altitude tracker spotter positioned at each of these four
positions (north, east, south, and west).

. Each spotter will use the altitude tracker to measure the angle of the highest point of flight.

Each angle should be recorded; the high and low angles should be omitted.

. Two more trials should be made for that volume of water.

. Average the remaining angles (once the high and low angles for each of the three trials have been omitted)
to come up with an average angle.

Use the conversion chart, located in the “Measuring Altitude” student activity, to determine the height.

j- Repeat the same procedure for the other volumes of water.
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2. Once students have conducted the test, they may wish to look at manipulating other variables. Watch as they
unknowingly transform into research scientists attempting to answer questions that they ask themselves.
Listen carefully; many will (in their descriptions) be describing Newton’s Laws of Motion.

At just the right teachable moment, these laws can be explained and made understandable to very young
students. Typical student statements that set the stage for new understandings include the following:

a. Why did the rocket that was full of water barely take off? (It was too heavy [massive] — Newton’s First Law.)

b. The rocket did not have enough “oomph” (force) to make it take off. Why? (There was not enough force for
the relatively huge mass — Newton’s Second Law.)

c. The water went one way and the rocket went the other way (Newton’s Third Law).

3. Questions that might be asked to get the students thinking in the right direction include the following:

a. What happens to the rocket as the water inside the bottle goes down?
b. If you could eject the water twice as fast from the rocket, what effect would this have on the rocket?

4. At the end of the lesson, ask each student to write a conclusion, using their own words, describing what
makes the bottle rockets fly.

Activity 3: Fin Shape

Students working in groups will examine two variables related to fins. Students may investigate various fin shapes
including rectangle, triangle, semicircle, or polygon — each in various sizes. Students should keep the number and
placement location on the rocket constant. The goal for this exercise is to gather evidence, based on research and
observations, for the best fin design to allow the rocket to be stable during flight.

Background Information

A rocket with no fins is much more difficult to control than a rocket with fins. The size and shape of the fins, as
well as their number and placement, are critical to achieving adequate stability without adding too much weight.
For more information on stability and control systems, see page xiv at the beginning of this guide.

Procedure

1. Distribute the “Investigating Fin Shape or Size” student activity on page 72. Divide the students into small
groups and instruct each group to complete the investigations on this sheet.

2. When the groups have completed the investigations, look at their plans. It is important that students examine
each variable (i.e., fin shape, fin size) during separate tests.

Time should be provided for students to discuss their results and conclusions.

Individual students should write a conclusion summarizing what they have learned about the aerodynamics
of fins through their research and observations. They need to make their explanation clear enough so that
other people can understand it.

Teacher Resources

Publications

Rockets: A Teacher’s Guide with Activities in Science, Mathematics, and Technology, NASA EG-2003-01-108-HQ,
Office of Human Resources and Education, Washington, DC, 2003.
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Rockets.html

Web sites

NASA’s Beginner’s Guide to Rockets — good for teachers and students:
http://exploration.grc.nasa.gov/education/rocket/bgmr.html

Rocket Index from NASA Glenn Research Center:
http://exploration.grc.nasa.gov/education/rocket/shortr.html
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Teacher Guide
Investigating Water Rockets: Comprehensive Approach

Background Information

A critically important issue for these sessions is safety. Water bottle rocketry
is fun, and it can be a great vehicle for understanding many scientific
concepts; however, all safety precautions must be followed.

During this session, students will get a complete overview of the safety
issues involved with building and launching bottle rockets. Safety is a major
issue. Be certain that you study the accompanying “Safety Rules” (page 124)
with your students and monitor strict safety regulations during all launches.
Instruct students to refer to the “Safety Checklist” (page 126) each time they
build or launch. Specific information is included in this unit.

In addition to learning about safety precautions, students will build an alti-
tude tracker and practice using it in preparation for the upcoming rocket
launches. The altitude tracker makes use of simple trigonometry to determine
the altitude a rocket reaches in flight. For most accurate readings, at least
four altitude readings should be taken. These reading stations should be a
distance of 33 feet (10 meters) from the launch pad — one at each compass
position — including north, east, south, and west. Once a rocket is launched,
the four student spotters (standing at reading stations) should follow the

path of the rocket through the altitude tracker sighting tube. When the rocket reaches its highest point (apex), each
spotter should hold the weighted string in the position that it naturally falls and read and record the angle. Once
the four angles are gathered, the high and the low angles should be omitted. The two remaining angles should

be averaged. Students should then find the angle on the conversion chart, identifying the height that the rocket
reached.

Students will work in the same collaborative (design) groups for “What Do | Need to Know Before Launch?” as they
did for the other parts of the module. This will allow you to observe and experience what they know and do not
know about rocketry and provide the motivation for them to want to learn more. Students work in design groups

to discuss the first attempt at launching rockets; they will also assign expert roles. In expert groups, students will
gain specific knowledge about one of the variables of successful rocket launching. They will bring this information
back to their design group and that group will put together a newly designed rocket using each individual’s exper-
tise. After additional testing, they will launch in the competition to find who can launch a water rocket the highest.

The teacher guide in this section is divided into information for teachers to use in their interactions with the
specific expert groups. The teacher’s role becomes that of a facilitator of learning rather than the source of knowl-
edge. With your supervision, your students can complete the activities within the expert learning group sessions.
Encourage them to ask questions and find answers for themselves throughout the process. Your close supervision
is required during the test launches. We recommend that you schedule test launches on one specific day of the
week or when a critical mass is ready to test their variable. You may want to recruit the assistance of another adult
to assist in this process.
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Prior to the launch activity, students explore the safe parameters (weather conditions, etc.) that are guidelines used
to determine if a launch can take place at a given time. Students use a simple fault-tree analysis to make decisions
regarding a launch. This will include using technology to monitor the conditions at the local launch site to determine

whether the launch should be conducted.

National Science Standards Addressed
Grades 5-8

Science as Inquiry
Abilities necessary to do scientific inquiry.
Physical Science
Motion and forces.
Science and Technology
Abilities of technological design.
Understandings about science and technology.
Science in Personal and Social Perspectives
Personal health.

Grades 9-12

Science as Inquiry
Abilities necessary to do scientific inquiry.
Physical Science
Motion and forces.
Science and Technology
Abilities of technological design.
Understandings about science and technology.
Science in Personal and Social Perspectives
Personal and community health.

Principles And Standards For School
Mathematics Addressed

Measurement Standard for Grades 6-8

Understand measurable attributes of objects and
the units, systems, and processes of measurement
Understand both metric and customary systems

of measurement.
Apply appropriate techniques, tools, and formulas
to determine measurements
Select and apply techniques and tools to accurately
find length and angle measures to appropriate levels
of precision.

Problem Solving Standard for Grades 6-8

Solve problems that arise in mathematics and in
other contexts

Measurement Standard for Grades 9-12

Understand measurable attributes of objects and

the units, systems, and processes of measurement
Make decisions about units and scales that are
appropriate for problem situations involving
measurement.

Problem Solving for Grades 9-12

Solve problems that arise in mathematics and in
other contexts.

National Educational Technology Standards

Addressed

Technology Standards for Students K-12
Technology Productivity Tools

Students use technology tools to enhance learning,

increase productivity, and promote creativity.
Technology Research Tools

Students use technology to locate, evaluate, and

collect information from a variety of sources.
Technology Problem-solving and Decision-making
Tools

Students use technology resources for solving

problems and making informed decisions.
Technology Standards for Students 6-8

Use content specific tools, software, and simulations

to support learning and research.

Collaborate with peers, experts, and others using

telecommunications and collaborative tools to inves-

tigate curriculum-related problems, issues, and

information, and to develop solutions or products

or audiences inside and outside the classroom.

Materials

Activity 1: What Do | Need to Know Before Launch?
e “Appendix J: Safety Rules,” page 124.
e “Appendix K: Safety Checklist,” page 126.
e Student activity, “Measuring Altitude,” page 62.

e “NASA Altitude Tracker,” page 123. (This pattern can be copied or glued onto tag board.)

e Thread, lightweight string, or fishing line.
e Cellophane tape.
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Small washer or 1-2 ounce (28-57 gram) fishing sinker.
Scissors.

Rope or string to measure out range (33 feet or 10 meters).
Angle-to-Height Conversion Chart, page 64.

Tennis ball per pair of students.

Activity 2: Nose Cone Experts
e Student activity, “What a Drag,” page 65.
e Paper towel tube.
e “Appendix L: Nose Cone Pattern,” page 127.
e Yard (or meter) stick.
e Several two-liter plastic soft drink bottles.
¢ Modeling clay.
e Card stock.
e |eaf blower or vacuum set to blow.
e Books to make a path.
¢ Long hall or open area.

Activity 3: Fin Experts (two groups)

e Student activity, “Flying Straight,” page 68, for students in both

groups.

Teacher Tip

Jigsaw is a type of structure for use
in cooperative learning activities

in which students work with one
group of students for a defined task.
After completing the defined task,
students then disperse and join into
new groups. These new groups are
jigsaw groups comprised of repre-
sentative members from each of

the original groups. For example, if
the original groups are identified as
groups 1, 2, or 3, each jigsaw group
would be comprised of members
from groups 1, 2, and 3. This is an
effective and efficient way of taking
larger content, breaking it into
smaller parts for in-depth investiga-
tion, and piecing the parts together
again so that all participants gain
some exposure to the larger content.

e Student activity, “Investigating Fin Shape or Size,” page 72, for one group. (Optional for students needing

more structure.)

e Student activity, “Investigating Fin Number and Placement,” page 78 for the second group. (Optional for

students needing more structure.)
e Paper towel tubes.
e Tag board (for fins).
e Ruler.
e Cellophane tape and/or glue.
e Scissors.
e Safety glasses.

e L aunching mechanism (vacuum with blower or leaf blower).

e Yard (or meter) stick for measuring distances.
e Arrows: both with and without feathers.

Activity 4: Propulsion Experts
e Student activity, “Fly Like an Eagle,” page 81.

e Student activity, “Altitude vs. Water Volume,” page 84. (Optional for students needing more structure.)
e Student activity, “Altitude vs. Water Pressure,” page 87. (Optional for students needing more structure.)

e Several two-liter plastic soft drink bottles.

e Water.

e Graduated cylinders (one-liter).

e Tire pump or air compressor.

e Safety glasses.

e “NASA Altitude Tracker,” page 123.

e Conversion charts, page 64.

¢ Rope to measure out range (33 feet or 10 meters).
e Compass to determine north, south, east, or west.

Alternate Strategy Tip

Refer to the teacher guide “You
Get What You Pay For,” page
105, to include an economics
component for the interaction
and the assessment sections.

e Launcher (see Appendix G) or search Internet to purchase a launcher.

Activity 5: Weather or Not
e Copy of the student activity, “Weather or Not,” page 90.
e Access to a computer with the Internet.

e \Weather instruments for measuring wind speed, direction, visibility, and temperature.
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Preparation

Gather materials for all of the activities.

Make copies of “Student Activity” pages. The Altitude Tracker needs to be copied on heavy weight paper.
Make a sample altitude tracker to use as an example. The altitude tracker pattern can be found in Appendix I.

0D

Construct a water bottle rocket launcher or search the Internet to purchase a pre-made launcher. Instructions
for construction of the launcher are located in Appendix G.

Activity 1: What Do | Need to Know Before Launch?

Procedure

1. Read through all “Safety Rules” with students and refer to the “Safety Checklist.” Students should sign the
safety rules. If you have already discussed the safety rules with students, ask them to point out the safety
issues to you as they read through the directions for “Constructing an Altitude Tracker” included in the
“Measuring Altitude” student activity.

Have each student construct an altitude tracker.
Have students complete the student activity, “Measuring Altitude,” in their design groups.

Using a jigsaw method (see teacher tip box on previous page), divide your design groups into four expert
groups. These include the following:

a. Nose cone.

b. Fin numbers and placement.
c. Fin size and shape.

d. Propulsion.

Once the expert groups have been assembled, provide student activity sheets and instructions to the four groups.

Activity 2: The Nose Cone Experts

Description Types of Nose Cones

Types of nose cones include the parabolic, the
conical (cone), and the elliptical. Students work-
ing in this expert group will experiment with
different nose cone shapes to determine the
advantages and disadvantages of each type.

Parabolic | A parabolic cone has a smooth
curved surface and a sharp
pointed nose.

Background

Aerodynamics is the branch of science that deals | Elliptical | An elliptical cone is similar to
with the motion of air and the forces on bodies the parabolic cone except the
moving through the air. There are four forces that nose is blunted and not sharp.
act on a rocket. They are lift, drag, weight, and If the nose cone were cut in
thrust. For a graphic illustration of these forces, half, perpendicular to the base,
go to: http://exploration.grc.nasa.gov/ the resulting cross-section
education/rocket/rktfor.html would be half of an ellipse.
Drag is a force that opposes the upward move- Conical | A very common nose cone
ment of the rocket. It is generated by every part | (cone) shape is a simple cone. The
of the rocket. Drag is a sort of aerodynamic sides of the cone are straight
friction between the surface of the rocket and lines.

the air. Factors that affect drag include the size
and shape of the rocket; the velocity and the
inclination of flow; and the mass, viscosity and

compressibility of the air. For an interesting
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computer simulation where you can manipulate an airfoil’s thickness, the air speed, altitude, and angle, go to
http://exploration.grc.nasa.gov/education/rocket/rktsim1.html

Procedure

1. To allow them to build on their past experi-
ences with aerodynamics, students in this
expert group will complete questions 1-4
of the student activity sheet, “What a Drag.”

2. Students construct nose cones by cutting
out two different nose cone shapes from
card stock. (A template for one is available
in Appendix L. The students will also do one
of their own design.) They will then attach the
nose cones onto paper towel tubes.

3. Use a commercial leaf blower or a vacuum cleaner with its airflow
reversed to “blow” to force the rocket backwards. This should be done
on a narrow track to keep the rocket in line with the wind. (Tip: Books may be
lined up to make this track.)

4. Students should measure the distance the rocket traveled backwards. Record the results and
complete the nose cone expert report on the “What a Drag” sheet. When students have completed the
expert group work, instruct them to begin the student activity “Weather or Not.”

Activity 3: The Fin Experts

Description
Students working in these expert groups will examine the variables related to fins. . .
. . . . . . Teaching Tip

One group will investigate shape and size, while the other will explore fin number
and placement. Students in the first group investigate various fin shapes includ- You may want to further
ing rectangle, triangle, semicircle, or polygon — each in various sizes. The second divide the fin shape and
group investigates three, four, or six fins placed in an even or uneven pattern. size group into two groups.
The goal for the fin experts is to gather evidence, based on research and obser- One group should inves-
vations, as to what makes for the most effective fin design for allowing the rocket tigate shape; the other

0, . ) ; . 9 . . g ) should investigate size.
to remain stable during flight. They will then share their collective findings with

their own design team.
Background Information

A rocket with no fins is much more difficult to control than a rocket with fins. The size and shape of the fins, as
well as their number and placement, are critical to achieve adequate stability while not adding too much weight.
For more information on stability and control systems, see page xiv at the front of this guide.

Procedure

1. Have students complete the student activity “Flying Straight.” They will probably want to know:

¢ Does fin shape make a difference?
¢ Does fin size make a difference?
¢ \Would more fins work better?

Students capable of designing their own investigation should complete “Flying Straight,” numbers 12-14.

Students who need more structure should complete the student activity “Investigating Fin Shape or Size”

or “Investigating Fin Number and Placement,” depending on their designated expert group. Distribute the
“Investigating Fin Shape or Size” activity and instruct one group to complete the investigations on this sheet.
Distribute the student activity, “Investigating Fin Number and Placement,” to the other group.
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4. When the groups have completed the investigations, look at their plans. It is important that students examine
at least these three separate variables: fin shape, fin size, and fin number/placement. Some students may be
ready to conduct their own experiments; other students may require more structure.

Time should be provided for students to discuss their results and conclusions.

(Optional) Individual students should write a summary of what they have learned through their research and
observations about the aerodynamics of fins. They need to make their explanation clear enough so that other
people in their design group can understand it. Have students exchange papers and complete a short peer
review.

7. Each of the two groups that investigated fins should write a group paper summarizing their findings, based
on evidence gathered during their research and observations. That summary should be shared with other
members of the design team. When students have completed the expert group work, instruct them to begin
the student activity, “Weather or Not.”

Activity 4: The Propulsion Experts

Description

Students working in this expert group will determine the best water volume and the best launch pressure to make
a plain two-liter bottle go the specified height (98 feet or 30 meters). The goal of the propulsion experts is to gather
evidence regarding optimum pressure and water volume, based on research and observations, and then share
their collective findings with their own design group.

Background Information

A water bottle rocket is a two-liter soda bottle filled with compressed air and water. During launch, when the pump
valve is opened, the compressed air and water are released, sending the rocket in an upward direction. Students
will have the opportunity to experience Newton’s Three Laws of Motion and expand their conceptual understand-
ing of motion, force, mass, and momentum.

For a detailed explanation of how these Three Laws of Motion apply to water bottle rockets, see the student text
“Newton’s Laws of Motion and Rockets.”

Procedure
1. Have students complete the student activity “Fly Like an Eagle.” They will probably want to know the following:

¢ What volume of water works best?

¢ Will the bottle rocket fly without water?

o [f a little water works, will a lot work better?
e Will it fly best when it is totally full?

¢ Does the launch pressure matter?

2. Look at their plans. It is important that students in this expert group examine at least two variables: volume
of water and launch pressure. Some students may be ready to conduct their own experiments; other students
may require more structure. The student activities “Altitude vs. Water Volume” and “Altitude vs. Water Pres-
sure” are available to use as a guide. Once students have tested the variables (volume of water and launch
pressure) independently, they may wish to look at manipulating other variables. They may also want to look at
various volumes of water at various pressures. Watch as they unknowingly transform into research scientists
attempting to answer questions that they ask themselves. Listen carefully; many will (in their descriptions) be
describing Newton’s Laws of Motion. At just the right teachable moment, these laws can be explained and
made understandable to very young students. Typical student statements that set the stage for new under-
standings include the following:

e Why did the rocket that was full of water barely take off? (It was too heavy [massive] — Newton’s First Law.)

¢ The rocket did not have enough “oomph” (force) to make it take off. Why? (There was not enough force for
the relatively huge mass — Newton’s Second Law.)

* The water went one way and the rocket went the other way (Newton’s Third Law).
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3. Questions that might be asked to get the students thinking in the right direction include the following:

e Why did the rocket that was full of water barely take off?
¢ What happens to the rocket as the water inside the bottle goes down?
e |f you could eject the water twice as fast from the rocket, what effect would this have on the rocket?

4. (Optional) At the end of the lesson, ask each student to write a summary, using their own words, describing
what makes the bottle rockets fly. They need to make their explanation clear enough for other people in their
design group to understand it. Have students exchange papers and complete a short peer review.

5. Finally, ask students to write a group paper, to be shared with their design group, which explains what makes
a rocket fly best. When students have completed the expert group work, instruct them to begin the student
activity “Weather or Not.”

Activity 5: Weather or Not

Procedure

1. Distribute a copy of the student activity, “Weather or Not,” to each student.

Play the following audio clip of Kris Walsh 'd (Appendix H) Alternate Strategy Tip

explaining launch perllod and Ilaunch W|nd0\{v. Ins’Fruct §tudents to Have weather instruments avail-
read the background information and work in their design groups to able for students to take real-time
develop weather criteria for determining if a launch should take place. weather data and record this in
Circulate around the room offering assistance to groups who might the classroom. This will allow

students to read weather instru-
ments and at the same time

2. Listen to students to determine the best way to come to a consensus find weather information at your
. . launch site.
on the weather conditions necessary to launch a water rocket. Using
this method, synthesize the student criteria into a class launch crite-
rion to be used during the competition in the assessment section.

need it.

Teacher Resources

Publications

Rockets: A Teacher’s Guide with Activities in Science, Mathematics, and Technology, NASA EG-2003-01-108-HQ,
Office of Human Resources and Education, Washington, D.C., 2003.
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Rockets.html

Web sites

NASA Beginner’s Guide to Rockets — good for teachers and students:
http://exploration.grc.nasa.gov/education/rocket/bgmr.html

Rocket Index from NASA Glenn Research Center:
http://exploration.grc.nasa.gov/education/rocket/shortr.html
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Student Activity
Measuring Altitude

Materials

“NASA Altitude Tracker Pattern,” page 123.
Scissors.

Pin or small nail.

Thread, lightweight string, or fishing line.
Cellophane tape.

Small washer or 1-2 ounce (28-57 gram) fishing
sinker.

Constructing the Altitude Tracker Scope

Procedure
Give each student an altitude tracker pattern located on page 123, Appendix .

Cut out the pattern on the dark outside lines.

Curl (do not fold) the B edge of the pattern to the back until it lines up with the A edge.

Staple the edges together where marked. If done correctly, the As and Bs will be on the outside of the tracker.
Punch a small hole through the apex of the protractor quadrant on the pattern (black dot).

Slip a thread or lightweight string through the hole. Knot the thread or string on the backside.

N o g kb=

Complete the tracker by hanging a small washer from the other end of the thread.

Measuring Altitude

1. Find an object whose height you would like to know but cannot measure directly.

Stand 33 feet (10 meters) from the object that you will be measuring.

Hold the tracker like a pistol and look through the sighting tube to locate the highest point of the object.
While the object is still in your sight, hold the string in the position that it naturally falls because of the weight.

o~ D

Record the angle on the chart below.
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6. Use the conversion chart to convert the angle into height in feet (meters) and record the height on the chart

below.

7. Try this process with at least five other objects or until you feel that you have mastered the art of measuring

the altitude of stationary objects.

8. Challenge: Stationary objects are easy; just wait until you try to track a rocket moving at 65 miles (105 kilome-
ters) per hour! Now, have someone toss a tennis ball into the air and see if you can follow the path of the tennis
ball through the sighting tube. Remember, the person with the tracker should be 33 feet (10 meters) away from
the person throwing the ball. When the tennis ball reaches its highest point (apex), capture the angle by hold-
ing the string in the position that it naturally falls because of the weight. Do this several times until you become

proficient at tracking the ball. Record the angle and height on the chart below.

Object

Angle (degrees)

Height (feet or meters)

9. Write a summary describing the process of finding the height of an object using an altitude tracker.

Student Activity —Measuring Altitude
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