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A Complete Unit in Aerospace Education —     

� Start with man’s first flight in kites. Some historians believe that

the Chinese invented kites around 400 B.C. There is new evi-

dence that kites were used by South Seas island natives to

catch fish before the Chinese. 

� The Chinese are credited with the development of solid fuel

rockets, 1220 A.D.. This type of rocket launches the Space

Shuttle today. 

� The great works of Leonardo daVinci, 1485, should be in-

cluded. Although the technology of his lifetime would not allow

their construction, he designed a parachute, a helicopter and a

flapping wing ornithopter.

� Daniel Bernoulli (1700-1782) and Sir Isaac Newton (1642-

1727) developed scientific theories that were eventually used

as the basis of flight within the atmosphere. 

� Man’s first true powered flight was in a hot air balloon. This

occurred in 1783 and the inventors were two brothers, Joseph

and Etienne Montgolfier, in Paris, France.

� The first successful manned free-flight in a heavier than air

machine, 1853, is credited to Englishman, Sir George Cayley. 

� Otto Lilienthal was the first to build and fly a glider with true

control. (1891). It was a primitive hang glider and steering was

by shifting body weight. He died in an accident when his glider

stalled and plummeted to the ground in 1896.

� By extensive testing, the Wright brothers developed a full

three-axis control of their glider in the wind conditions on a

beach near Kittyhawk, N.C. (1900)

� After thorough flight tests, the Wright brothers built their own

engine and achieved the first controlled, sustained and pow-

ered flight. This occurred on the 17th of December 1903. The

craft rose 12 feet in altitude, went 120 feet in length and the

flight took 12 seconds.

� Ms. Harriet Quimby was a very brave young woman who be-

came the first American female (2nd in the World by just a

few days) to attain an internationally recognized pilot’s li-

cense. She also became the first woman to fly the English

Channel (unfortunately not very well recognized because her

epic flight was two days after the sinking of the Titanic in 1912). 

� Ms. Bessie Coleman was the first African American, of either

gender, to obtain an internationally recognized pilot’s license.

She was a role model heroine in her own time and was tragi-

cally killed in an airshow accident. (1926)

� Dr. Robert H. Goddard is considered to be the Father of

Space Flight. He learned how to control a rocket engine

through the use of liquid fuels. (1926)

� Charles A. Lindbergh made aviation credible. He is the Father

of Commercial Aviation and his epic trans-Atlantic flight was the

beginning of modern air travel. (1927)

� Ameila Earhart helped establish a place for women in the

world of aviation. She did this by her pioneering achieve-

ments and world records. (1932-1937)

� The propeller era, which began with the flight of the Wright

brothers, ended in World War II when the first jets arrived.  A

jet engine was invented and developed by Englishman Frank

Whittle (patented 1930-first flight 1941). 

� By breaking the sound “barrier” on October 14, 1947, Charles

E. “Chuck” Yeager opened the Space Age. He did this in a

rocket-powered aircraft called the Bell XS-1. The speed of

sound is approximately 761 miles per hour at sea level and the

speed to go into orbit is 18,000 miles per hour.  To go into orbit

around the Earth, an air/space craft has to go through the

speed of sound first. That is why Yeager’s flight was so impor-

tant.

� The next step was our first aerospace plane. It was known as

the X-15 and was test flown by aerospace pioneer, A. Scott

Crossfield. He is considered by many aviation/space authorities

to be America’s first true astronaut. The X-15 routinely flew

up and back from the edge of space. (1959)

� The great Space Race was initiated by the Soviet Union when

they put a satellite into orbit on October 4, 1957. The satellite

was known as Sputnik and it changed the course of history. 

� America temporarily lagged behind in the technology of space;

however, a concentrated effort was initiated by President John

F. Kennedy to land a man on the moon and this task was ac-

complished on the 20th of July 1969. Astronaut Neil Armstrong

was the first human to walk on the moon. 

� First flown in 1981, the American Space Shuttle, was devel-

oped to cut the cost of taking cargo into orbit and returning to

Earth. The Shuttle is essentially a space “truck.” 

� America’s satellites are directly responsible for the “giant leap”

in telecommunications and weather technology. The space pro-

gram has brought us closer to being a human race of “one peo-

ple.” (The last three decades of the Twentieth Century)

� The International Space Station will be our “stepping stone”

to the stars. Incredible new technology will be developed as a

result of the scientific work planned under the microgravity con-

ditions of space. (1999- and beyond)

Our children should know America leads the world in aerospace technology.

They Should Know
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Aerospace Education—Exactly What Is It?

FACT: It has been found that flight, whether it's in the sky

above, or the space beyond Earth, excites the imagination

of children.

FACT: The pure science and technology of atmospheric

and space flight is known as AEROSPACE.  This combines

the terms "aeronautics" and "space." 

FACT: AEROSPACE, either in isolated examples, or full

curriculum units, has been found to make children actually

WANT to learn more about science and technology. AERO-

SPACE as a learning incentive, WORKS!

SO, WHAT'S AEX?
FACT: AEX stands for Aerospace Education EXcellence

Award Program 

FACT: This is a program that offers educators and CAP

AEOs standards-based, hands-on, inquiry-based learning

tools that excite children. Above all, you can get an award

for being a hero and having fun!

SIX & ONE! These are your magic numbers!  A teacher or

aerospace education officer must select SIX activities out

of the AEX Activity Booklets or other AE related activities

and use them in a classroom or squadron setting. The 

AEX activity report has to be provided to AE, National Head-

quarters, CAP. This must be done by going online in CAP

eServices and clicking on the AEX link. You are also re-

quired to do ONE, 2-HOUR Aerospace Education related

activity. An example would be an airport field trip. Once

you've finished all the requirements, you receive a beautiful

award plaque for your classroom and award certificates for

participants. AND IT'S FREE TO MEMBERS….!!

The fine print!  
Teachers must be a current Aerospace Education Member to partici-

pate. Enrollment and completion of the program must be within the same

school year. The AEX year runs from Oct. 1 to Sept. 30 of the following

year.

Agreement form and reporting forms can be filled out online in CAP

eServices by AEOs and AEMs participating. 

Acronyms and Definitions

Throughout many Civil Air Patrol publications, you will find

words and acronyms that are often confusing.  These are a

few that are used in the AEX Activity Booklets. 

AE - This stands for “Aerospace Education” and generally

relates to all components of the Civil Air Patrol’s aerospace

education mission.   

AEM - An AEM, which stands for Aerospace Education

Member, is usually a professional teacher who has joined

the external program of the Civil Air Patrol. The AEM is a

volunteer and pays annual dues of $35. (as of Oct. 2009)

However, the AEM does not wear a uniform or attend regu-

lar CAP meetings.

AEO - An AEO, Aerospace Education Officer, is essentially

a CAP squadron “teacher” and serves as one of its staff

leaders.  The AEO is responsible for making the aerospace

education program work within a cadet, senior or compos-

ite squadron.

AEROSPACE - A combination of the two words, “aeronau-

tics” and “space.”

AEROSPACE EDUCATION - “That branch of general edu-

cation concerned with communicating knowledge, skills

and attitudes about aerospace activities and the total im-

pact of air and space vehicles upon society.”

AEX - This is an acronym for the Aerospace Education EX-

cellence Award Program of the Civil Air Patrol. 

CAP - It means Civil Air Patrol.   CAP is the official auxiliary

of the United States Air Force and has three missions:

Aerospace Education, Emergency Services and an out-

reach for young Americans called the Cadet Program. 

CADET - A cadet is the youngest member of Civil Air Pa-

trol.  Any person who is entering sixth grade or above, can

join the cadet program.  The cadet automatically becomes

a senior member at age 18.

COMPOSITE SQUADRON - A CAP unit that has active

cadet and senior membership.

SENIOR MEMBER - An adult member of Civil Air Patrol.

Citizens who wish to join the Civil Air Patrol may become a

senior member at age 18.  
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Wing Tips
BEFORE DOING ANY OF THE HANDS-ON ACTIVITIES, IT IS

RECOMMENDED THAT YOU READ THIS SECTION FIRST.

This is a special section that contains materials and

techniques that you will be using in activities throughout

this booklet.  There is an explanation near each WingTip

image and it will make sense when used in the project.

Prices are based on quotes from the summer of 2001 and

may vary widely. Take this with you when shopping. To a

clerk, “a picture is worth a thousand explanations!”  

1. Hot Glue Guns – A

large number of AEX

projects requires safe,

fast setting glues.  For

foam and many other

applications, you can’t

beat hot glue. It

sets-up in about

a minute and it is

safe!  (Cost is

around $1.99-

$2.99)

3. Snap, Breakaway, or Util-

ity Knives – It has been found

that these knives, usually

found in wallpaper or craft

stores, are safe for cut-

ting foam.  The blade can

be retracted back into

the handle and when

the blade’s tip gets dull,

you can “snap” off a small

section, revealing a new,

sharp tip.  (50⊄ - $1.99)

5. Wooden Coffee Stir-

ring Sticks – With coffee

drinks being popular, it is

easy to find these in the

upscale shops.  They

make great wing

struts and add a

look of “old technol-

ogy” to a model like the

Spirit of St. Louis or the

Wright Brothers’ Flyer. 

7. Pipe Foam Tubing – This lightweight foam tubing is

perfect for small rocket fuselages pieces.  It can be pur-

chased at most major home building centers. It has been

found that models, like the Goddard Rocket, the SR-71

and the  X-15 all seem to fly best when the fuselage tub-

ing is 14 inches long.  This means you can then get

4 rocket “bodies” per length.  The

only problem with this tubing is

you can’t put hot glue directly

on it.  Hot glue will damage the

foam.  (One five-foot tube

usually costs between 80

cents and $2.00—Shop around!)

2. Cold Glue Guns – These are glue guns

that have a lower melting point than the

smaller hot glue guns.  It is recommended

that these be used when work-

ing with younger children.   

Although they are advertised

as being safer, the tip can

still burn a finger or hand.

A pre-activity briefing

about the dangers

should always be 

included.  ($12.99)

4. Cable Ties – These little gadgets

have been around for along time in

the automotive and electrical busi-

ness.  They are made of

nylon and are used in

several AEX foam tubing

rocket projects. (A bag of

100 - 8 inch cable ties

will usually run about

$5.00-$8.00) Your best

prices can be found at

large home 

repair centers.

6. Foam packaging trays – Commonly known as

“meat trays,” these are used extensively throughout

the AEX activity program. They are safe, easy to cut,

easy to hot glue, very strong and light-weight.  When

looking for packaging trays, take

along a sheet of paper.  

Select trays that are 

between 1/8th and ¼

inch thick and larger

than a sheet of paper.

Thicker foam trays can be

sanded to make wing shapes. (Free 

to 10 cents each-average 7⊄ each)
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9. Paint – In today’s classroom, safety is first consider-

ation.  In days gone by, it was acceptable to use paints

that were made from petroleum products, but that has

changed!  It is recommended that you use only water-

base paints for the classroom or squadron projects.

For large groups, you can even save

money by using common house

paints. One quart will go a long way

when a class is painting gliders, bal-

loons, airplanes and space ships.

One nice feature is the ease and

safety of water clean-up.  (cost varies

with brand and quality)

8. Wooden Paint Stir-

ring Sticks – You can

find these, usually free,

at automotive and

household paint

stores.  When a piece

of sandpaper is glued to

one end, they make ex-

cellent sanding sticks

for shaping foam.  (free

in most cases)

11. Index Cards – The paper

used to make most index cards is

usually very strong and about the

same thickness as a file folder.

These cards are used

to make moveable

control surfaces for

gliders and other flying

models.  They can be

taped or hot glued to foam

surfaces. (59⊄ to $1.09 a
pack)

13. Drinking Cups –

These make perfect nose

cones for some small

paper rockets.  For some

reason, children seem to

have trouble making

cones; it has been found

that paper drinking cups

are cheap and have a way

of making paper projects

look better!  (approxi-

mately $1.29 for 100)

15. Templates – A template is

the outline of parts that make

up a model.  In this booklet,

you will see several templates

for projects like the

SR-71and Air Force

Academy TG-4A

glider.  For classroom

use, templates are

copied and distrib-

uted to each student.  

10. Acrylic Paints – These are found at hobby and

craft stores and are recommended for classroom

use. Use caution when buying any paint material.  If

you have doubts, take a foam coffee cup with you

and ask the clerk to open the

bottle of paint you are consider-

ing.  Insert a wood or plastic

stirring stick and put dab of the

paint on ask the bottom of the

coffee cup. Most unaccept-

able paints will eat a hole in

the bottom of the cup!  (aver-

age is about $1.50 each)

12. Nylon Fish Line – This strong line is

used in several applications, especially in

the project called “The Final Ap-

proach.”  It can also be used

to suspend models from the

ceiling-it is strong enough to

hold some large models and

they are almost invisible.

This makes some models

look like they are flying

near the ceiling of your

room. ($2.99-$4.99)

14. Fender Washers –

Look closely and if you use

your imagination, you will

see wheels!  These can be

used to make little wheels

for old time airplanes.

They are used in several

applications where the

fender washers act as

weight to a little airplane

that slides down a fish line!

($4.99 per box of 50)
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17. The Right Rubber Band

– For most foam and glider

launches, it is recom-

mended that builders

use #64 size rubber

bands.  These can

be purchased in

packages of 100 or

more at office supply

stores. (A package of

70 averages $1.00

18. Power Strips – These work well as an attachment point

for hot glue guns and other low-load plug-in applications.  To

be really safe, it is recommended that teachers and AEOs

consider power strips with built-in circuit breakers. A breaker

will shut down the system if too much of a load is plugged in.

If this happens, items like glue guns are unplugged one at a

time until the power strip can handle the load.  It is a good

policy to consult the building maintenance technician or

someone who knows the electrical system

before starting a project

that requires the use of hot

glue guns.  (Cost varies

widely—between $3.99 -

$12.99 depending upon quality)

20. Technique Alfa – When using

a snap knife, it is recommended

that you use the push button to

run the blade out about 1 inch.

The push button on most snap

knives is made in two parts. If you

pull back on the bottom of

the push button, it will

lock the blade in posi-

tion. This makes it

much safer for cutting.

22. Technique Charlie – When cutting foam

packaging trays, the best method is to cut on

the bottom side.  This keeps students from cut-

ting the table.   To make “double sure” that stu-

dents don’t cut a table-top, try using two meat

trays together.  The tray on the underside 

virtually eliminates the

problem with damaged

tops. Sometimes, 

cardboard squares 

can also be used for

extra protection

16. Plastic Templates – Urban

Quint, a retired teacher in Col-

orado has a company that makes

name tags, engraved trophy

plates, etc.  When he saw the AEX

templates, he came up with the

idea that teachers and AEOs could

pre-draw a project airplane on

foam trays before the actual class

period activity.  He used a name-

plate engraver to cut out the air-

plane figure and when the figure is

punched out, it makes a perfect

template. Using a water-soluble

pen, lines can be made on the

meat trays. By pre-

drawing with a

template, each

foam tray can be

ready to cut the

moment it is dis-

tributed to each

student.  This

saves time and gets

students on task im-

mediately. 

19. Soda Straws – If you look

closely, you will notice there are

several different diameters of soda

straws.  In fact some soda straws

will fit nicely inside others.

In other applications,

they are used for

sleeves to carry a little

plane down a fish line.

(Grab a handful at fast 

food places…they

usually don’t mind)

21. Technique Bravo –

When cutting with a snap

knife, hold it in your hand,

pointed away from

you and cut with

your index finger as

shown.  This

method gives the

greatest control.
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24. Technique Echo – Hot glue and cold glue!

There is little difference except that one glue stick

melts at a lower temperature and this is supposed to

be a safety measure.  Both the hot and cold glue

guns have hot tips and even

though they advertised as

“safer,” low-temp guns have

the following warning on the

glue stick package, “…Cau-

tion: Molten glue and gun

nozzle area temperature

reaches 250º F; students

should be warned of the burn risks.

23. Technique Delta –

When building foam

projects, like the God-

dard Rocket or the

SR-71, always re-

member to apply hot

glue only to the meat

tray parts, not to the

pipe foam tubing.

26. Technique Golf – Do not

apply hot glue to the

pipe insulation foam.

When bonding fins,

wings, stabilizers, etc.

to a piece of pipe

foam, always put the

hot glue on the meat

tray material and then

press the piece onto

the pipe foam. 

28. Technique India – In two of the activities, fender

washers are bonded to wooden stirring sticks.  These

become “wheels” for aircraft that will be built to slide

down a nylon fish line.  These “wheels” don’t actually

turn, they provide weight and they skid along the sur-

face of the floor.  To mount a fender washer using hot

glue is simple-first cut the wooden landing gear pieces

to the correct length.  Next, break off two small pieces

of wood and set aside.  Put a dab of hot glue on the

bottom of the landing gear piece and press the fender

washer into it so that some of the hot glue oozes

up through the hole.

Now press the small

piece of wood into

the hot glue that has

oozed through the

hole. This holds the

fender washer in

place.  Repeat for

the other wheel

and you’re

set! 

25. Technique Foxtrot – To keep hot glue

guns from damaging a table top, it is rec-

ommended that they be placed in foam

meat trays during

use.  Glue guns

will often leak glue

and setting them

on a meat tray

keeps the hot

“ooze” from dam-

aging a tabletop.

27. Technique Hotel – Cable ties are recommended on

several activities where pipe insulation foam tubing is

used.  These are made of strong nylon and caution must

be taken so that no sharp edges exist after cutting the

excess “tails.”  It is recommended that toenail clippers be

used and that the teacher does the cutting.  The tech-

nique is this:  Cut the excess nylon right down next to the

headpiece. You will find it

easier if you wiggle the “tail”

back and forth several times.

This weakens the nylon

and makes it easier to cut.

One extra measure of safety is

to put a dab of hot glue on point

where the tail was cut. 

29. Technique Juliet – Soda straws can be

hot glued.  In several activities, it is recom-

mended that you glue small sections (about 

½ inch long) of soda

straws to the top of the

wings and tail.  Hot

glue is applied to the

top of the tail and the

soda straw is pressed

into the glue.  
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31.  Hobby Knives As Weapons – Unfor-

tunately, we live in a time when weapons

are a serious problem in schools.  Hobby

tools, like X-Acto™ blades and snap

knives, can be considered weapons and it

is up to the teacher or AEO to curb the

problem before it starts.  Snap knives have

plastic handles and it is recommended that

they be numbered with the tip of a solder-

ing iron.  At the beginning of a period, the

knives can be

checked out and be-

fore students can

leave, each knife

needs to be returned

and secured.   

30. Technique Kilo – To make sanding sticks for a

class or squadron, pick up a handful from a local auto

or household paint store.  Get a sheet of #100 sand-

paper (tan or gray) and a can of spray adhesive, such

as 3M’s #77.  Sandpaper sheets are usually 9 x 11

inches. Using a pair of old dull scissors, or a snap

knife, cut the sandpaper sheet so that you have two

sheets, 4-1/2” by 9”.  This will give you a total of 14

usable sanding sticks.  Spray the

backside of each sheet

with a coating of glue.

One at a time, lay the

top of each stirring

stick down on a sec-

tion of sandpa-

per.  Cut off just

that portion of

the paper that is

bonded to the

stick.  (Check

out the children

doing this in the

Cessna activity!)

In the last two years of his career
as a Littleton, Colorado, high school
Aerospace teacher, author Dr. Ben
Millspaugh and eight students built
this Fisher Classic biplane. It was part
of an advanced aerospace program
and was always considered to be the
ultimate “hands-on” project.  The air-
plane came as a kit, yet there was no
instruction manual, only blueprints.
Students had to fabricate many of the
parts from raw aircraft grade materi-
als.  Finally, before being covered
with fabric, the entire airframe was inspected by a designated examiner of the Federal Aviation Administra-
tion. This sobering experience gave students a glimpse into the “real world” of aircraft manufacturing.  It
passed with “flying colors” and on the second day of March 1992, the little biplane, nicknamed “The Class
Act,” took to the skies over Greeley, Colorado.  This is an excellent example of just how far students can go
with aerospace education.

Not everyone can build an airplane in their program, but if you create an aerospace unit in your classes, and
try a few of the AEX activities featured in this booklet, it will amaze you how excited children get about learning.
Youʼre encouraged to “try and fly” all of these featured activities, so “let the countdown begin!”     —Ben
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Historically Speaking 

1. Nearly two thousand years ago, a Greek by the name of
Hero, developed a primitive “rocket” engine.  He placed
a hinged sphere on top of a container of water.  The
water was then heated and turned into steam. As the
water traveled through the pipe into the sphere, two L-
shaped tubes on opposite sides allowed the gas to es-
cape.  The sphere would then spin as the steam
escaped through the L-tubes.

2. The Chinese are given credit for the invention of solid
fuel rockets.  In the Chinese-Mongolian war of 1232, the
Mongolian cavalry was continually repelled by Chinese
rocket attacks.  They were called “fire arrows” and con-
sisted of gunpowder packed in a hollow bamboo tube.  

3. The first major breakthrough in rockets came in the
early 19th Century when William Congreve (1772-1828)
improved the range and accuracy of solid-fuel rockets. It
was the Congreve rocket that Francis Scott Key referred
to during the attack on Ft. McHenry in the War of 1812.
The “…rocketsʼ red glare” passage eventually became
part of our National Anthem.

4. Robert H. Goddard, a quiet professor from Clark Univer-
sity, is considered to be the Father of Modern Rocketry.
He developed the liquid fueled rocket and this gave con-
trol to the power that was developed by rocket engines.
On March 16th, 1926, he successfully launched the first
liquid-fueled rocket.  The flight lasted 2.5 seconds and
reached a down range distance of 184 feet. It could be
said that this was the beginning of the space “age” since
his work opened the door to controlled flight in space.

Energy and Fuels

• First, it is recommended that you explain what “fuel” is.  

• Point out that rockets require energy to move forward
and fuel has stored energy.

• A rocket engine is essentially an explosion that occurs
over an extended time.  Point out to the students when
they watch the Shuttle take off, what they are seeing is a
“long term” explosion taking place.

• A solid fuel rocket is a mixture of chemicals that require
some form of ignition and a classic example would be a
firecracker.  When the fuse is lit, a chemical reaction oc-
curs and it explodes.  Make sure students understand

that once ignition occurs, a solid fuel rocket engine can-
not be stopped.

• Liquid fuels can be controlled. 

Scientific Theory – Newtonʼs Laws

• Newtonʼs first law states, “Objects at rest, or objects in
motion, will remain at rest, or in motion, unless acted
upon by an unbalanced (outside) force. 

• Newtonʼs second law states, “Force equals mass times
acceleration.”

• And his famous third law states, “For every action, there
is an equal and opposite reaction.”

Putting Theory Into Motion – Why They Go So Fast!

• A simple classroom demonstration (use caution) is to
have a child stand on a skateboard and then throw a bas-
ketball to someone.  The basketball will go one direction
and skateboard will go the other.  This is an example of
Newtonʼs third law.  The action is throwing the basketball
and the reaction is the skateboard moving.  A rocket
works the same way, a force in one direction produces
motion in the opposite direction.

• For rockets powered by rubber bands, Newtonʼs third
law is the best explanation.  

• The rubber band, when stretched, has stored (potential)
energy. When released, the energy becomes kinetic.  

• For compressed air rockets, the built-up pressure is a
form of potential energy.  When a valve is pressed, it re-
leases and the rocket is thrust upward.  This release of
pressure is kinetic energy.

• For rockets like the Wan Hu “fizzy flyer,” chemical energy
is stored in antacid (like Alka Seltzer™) tablets and re-
leased when water is added.  The water reacts with the
tablet and the gas, carbon dioxide, is released. If this
pressure is contained in a small film can, it will eventually
have enough energy to blow the lid.  When this occurs,
the rocket will move in the opposite direction according to
Newtonʼs third law.

• An application of Newtonʼs first law would be a rocket sit-
ting on a launch pad…at rest.  An outside force, (ignition)
occurs and the rocket responds by moving.

ROCKET SCIENCE  
How To Teach It!

There has been a special “sidebar” added to a few activities to help teachers explain how things work.  The
author used the words “Rocket Science”- just a generic title. There are several rockets featured in AEX I and
rather than give the same explanation over and over, this page covers the basics for all.  For further investiga-
tion, it is recommended that teachers use the Internet or library.
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activity one

For The Littlest Rocket Scientists
OBJECTIVE – Using just a toy balloon, 

the students will learn to basic of  what makes rockets fly!

Sir Isaac Newton (1642-
1727), a brilliant English sci-
entist, laid the foundation for
the science of rocketry.  His
third law is the heart of rock-
etry because the action of the
rocket engine produces for-
ward motion.  Newtonʼs third
law states, “…for every ac-
tion, there is an equal and op-
posite reaction.” 
For children, a toy balloon
clearly shows how this law
works.  The action is the pres-
sure release and the reaction
is the balloon moving in the
opposite direction.

SCIENCE STANDARDS:
Standard A:  Science as Inquiry

Understanding about scientific
inquiry
Standard B:  Physical Science

Position and motion of objects
Standard E: Science and tech-
nology

Abilities of technological de-
sign

Standard G: History andf nature of
Science

History of science (Histortica 
Perspectives)

Unifying Concepts and Processes
Evidence, models, and expla-
nation

MATERIALS – 
1. One toy balloon for each child 
2. A few small “bulldog clamps” (3 for

$1.99) for clipping and launching.

The toy balloon
is the first stage

in bringing
“rocket science”

to children.
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• First emphasize the arrows. 

•These arrows represent pressure (If you use your finger to
press on some thing, your finger is the arrow)

• When the balloon is inflated, all of the arrows are the
same – the pressure is equal in all directions.

• When the clamp is released, air flows out. This means that
one arrow will be smaller because the pressure has just
been released.

• Look at the arrow opposite the opening; itʼs still large.
That is why the toy balloon moves in that direction. 

• It doesnʼt have to push against anything and thatʼs why it
can fly in space!!!

Record Your Observations

Name ________________________________________________________________________________________

1. When I held my balloon opening down ____________________________________________________________

2. When I held my balloon opening sideways _________________________________________________________

3. When I held my balloon opening up ______________________________________________________________

4. When the air was cold, my balloon _______________________________________________________________

5. When the air was warm, my balloon ______________________________________________________________

6. When the air was moving, my balloon _____________________________________________________________

7. When the air was still, my balloon ________________________________________________________________

8. Make your own question and answer it ____________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

*For younger students, you could test each variable and discuss and write responses together. 
Then give each student a copy for their folders or portfolios.

Space Shuttle takes flight.

101ROCKET SCIENCE  
TEACHING CHILDREN WHY THE TOY

BALLOON IS LIKE A ROCKET
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activity two

Kites — 
The Very First Flying Machine

OBJECTIVE – To introduce students to the very first “aircraft.”  The student will
construct and fly a simple sled kite and demonstrate how to control its altitude.

NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Abilities to do scientific inquiry

Standard B:  Physical Science
Properties of objects and materials
Position and motion of objects

Standard E:  Science and Technology
Abilities of technological design

Unifying Concepts and Processes
Form and function
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a. Make copies and distribute to students
b. Using class time, or as a home work assignment, deco-

rate kites with crayons, markers, etc.
c. Trim the two soda straws to fit the sled kite template
d. Mount the soda straws, as shown, with tape.
e. A piece of nylon-reinforced packaging tape is placed

over the area where the holes are to be punched. (This
is an optional step. This kind of tape is especially strong)

f. The hole puncher is used next.  Punch out two holes as
shown on the template.

g. Cut two pieces of string to a length of 45 centimeters
each.

h. One at a time, tie the strings to the holes.
i. Tie the open end of the string pieces to a paper clip.
j. Next, tie another string piece to the open end of the

paper clip.
k. To get a better idea of how it is assembled, follow the

step-by-step procedures on page 16.

BACKGROUND 
Historians do not all agree on the origin of kites.  There

is evidence that kites were first used by natives in the
South Sea Islands.  It is speculated that they attached bait
to the tail of a kite and used it to fish off shore.  This prac-
tice, by the way, is still used in the Soloman Islands.  

Other historians believe that the kite originated in China
over 2000 years ago.  They used their kites for many dif-
ferent occasions including warfare.  Marco Polo recorded
seeing man-carrying kites being used to observe enemy
activity. 

The Japanese were also heavily involved in building
and flying kites.  They even developed the art of “air com-
bat” with kites.  In their competitions, the kite flyers would
maneuver to see who could disable the opponentʼs control
lines. 

In American history, Benjamin Franklin even used a kite
to “catch” electricity and a British teacher by the name of
George Pocock made a kite that was large enough and
strong enough to pull a carriage.  He claimed that he built
and flew one that carried his daughter, Martha.

Octave Chanute (1832-1910) was a civil engineer
whose specialty was building bridges for railways.  He
used his knowledge of engineering to build large box kites
and even built a variety of gliders.  He was a close friend
of the Wright brothers and much of the structural technol-
ogy that went into the design of the Wright Flyer was
based on Chanuteʼs kite experience.  Much of the strength
designed into the Wrightʼs biplane glider [and eventually
their airplane] was based on the Pratt truss that was
adapted from bridge technology.  To this day, box 
kites and biplanes both use this technology for strength.

**In this activity, you might also try different types
of sail cover to see which works best and is most
durable.

Describe how your kite flew when you used:

1. copy paper

2. newspaper

3. tissue paper

4. mylar

5. waxed paper

6. gift wrap

7. Other __________________________

MATERIALS
1. Using the template, run off copies for each student.
2. Two soda straws per student.
3. Scotch™ or similar household tape.
4. Scissors
5. Paper clip
6. Paper punch (single hole)
7. A piece of string about a meter long
8. Nylon-reinforced tape (optional) for strength where

the holes are punched.

PROCEDURE

Simple material, simple construction, super fun.
You will need a paper template, soda straws, a

hole punch, a paper clip, some string, household
tape and some markers to customize your kites!
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There are three forces acting upon a flying kite.  The force
of gravity is pulling down, the force of the air is pushing up and
the force of the string controls the altitude.  When the kite is in
stable flight, all of these forces are balanced.  If the forces
werenʼt balanced, the kite would move in the direction of the
greatest force. An example would be gravity.  This would cause
the kite to fall.

Newtonʼs third law, “..for every action there is an equal and
opposite reaction” can be applied to a kite in flight.  The force
of the air is the action and the kite moving upward is the reac-
tion.  As the particles of air in motion (wind) hit the kite, they
bounce off. Because the kite is at an angle, it pushes the air
particles downward.  This makes the kite move upward.  The
kite pushes the air down and back and at the same time the air
pushes up and forward on the kite.  This is known as lift.  

Some kites have tails and tails add stability.  They keep the
kite from “darting” around while in flight.  If a kite “darts”
around, the flow of air will become erratic and move more in
one direction than another.  Sometimes, a kite will get turned
completely sideways and this causes it to stall and subse-
quently falls to the ground.  The sled kite works quite well with-
out a tail, but experimentation is encouraged.

Two soda straws are trimmed
to fit the template

Children can decorate their kites with
markers like those made by Crayola™

The soda straws are now
taped to the template

Holes are punched on the
template where the black
dots are shown. To give
more strength, it is recom-
mended that a piece of
strong packing (nylon rein-
forced) tape be put where
the hole is punched.

The string is attached at the
points where the holes were
punched.  The open ends are
attached to a paper clip as
shown.  A single string is
tied to the other end of the
paper clip and the kite is
ready to fly. To fly the kite,
go to an open area and run
with it until it gains altitude.
You now have the first ever
“flying machine.”

ROCKET SCIENCE  
Teaching the Flight of Kites
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Color this  wonder ful  sun face .
The brighter  the bet ter !

Illustration by Saundra Carmical
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activity three

Wan-Hu — First to Blast Off!
OBJECTIVE – To introduce younger children to a story of  history’s first “space 

traveler”, Wan Hu. The second objective is to let the children build a simple rocket
that is powered by the chemical reaction of  an antacid tablet and water.  By 

mounting Saundra Carmical’s cartoon, Wan-Hu, on top of  the rocket, children 
will enjoy the moment and remember the history of  a first in aerospace.

Illustration by Saundra Carmical

NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Abilities necessary to do 
scientific inquiry
Understanding about scientific in-
quiry

Standard B:  Physical Science
Properties of objects and 
materials
Position and motion of objects

Unifying Concepts and Processes
Evidence, models, and 
explanation

BACKGROUND 
– In the 16th Century, a Chinese nobleman by the
name of Wan-Hu had his helpers attach numerous
solid fuel rockets to a throne.  On his signal, they
were all lit and in a massive explosion, he took off,
never to be found again.  This was the first
recorded evidence in history of an attempt to actu-
ally fly to the stars.  
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Would you believe that this is all it
takes to build a powered rocket?  
Read on! Be sure film canister top fits
inside canister (like Fugi 
canisters).

A sheet of paper is cut to 4 x 4
inches. Tape is applied to two edges
as shown.

One edge is taped to the open end of
the film can about 1/2 inch up.  This
will act as a seal against water dam-
age after repeated launchings.

The paper is carefully wrapped
around the film can and formed into
a tube. The remaining edge with tape
is pressed to seal the tube.

A common cone-drinking cup is
placed on top of the tube and marked
as shown.  By holding the cone and
tube up to a light you will be able to
see the top of the tube inside the
cone.

The drinking cup now becomes the
rocket's nose cone.  To attach the
nose cone, leave little tabs so that you
can tape it to the rocket's tubular
body (with the tabs inserted inside the
rocket body.)

Here’s Wan Hu, ready to blast off!

You can make little fins from the re-
mains of the drinking cup, or from the
paper that was used to cut the body
tube.The fins are taped as shown so
they can be attached to the bottom of
the tube next to the opening of the 
film can.

Here you can see a fin, this one cut
from the drinking cup, attached to the
rocket's body. Three fins make it
more stable.

• A real rocket has fuel that gives it energy.
• The fuel for Wan Huʼs rocket is a common antacid tablet.  
• When the tablet is mixed with water, in an enclosed

“chamber,” a chemical reaction occurs and a gas, carbon
dioxide, is released.  

• When this gas (energy) is released, it occurs quickly.  A
small film can, with a cap, can only contain the gases for
so long until the cap is blown off.  This releases the built
up pressure inside the can.  

• When this pressure is released, it creates an “action.”  
• The rocket moving in the opposite direction, becomes the

“reaction.”  This is a good example of Newtonʼs third law
of motion -  “for every action, there is an equal and oppo-
site reaction.”

ROCKET SCIENCE  
Teaching children about 

stored energy as rocket fuel



The “fuel” is now loaded.  It usu-
ally takes only a half of a tablet.
A teaspoon of water usually
works well.  When you’re ready to
launch: (1) hold the rocket nose
down, (2) pour in the water, (3)
drop in the Alka Seltzer™, (4)
press on the cap and  (5) position
the rocket on a table.  A trash bag
makes a good launch pad.  This
keeps the water and seltzer mess
contained in a small area.  Count-
downs are fun, but it’s a little dif-
ficult to tell when the rocket is
going to take off.  But that’s part
of the fun.  Tell Wan Hu to hang
on….it’s time for lift off!  

*Students can name
their rockets and
record the time it takes
for the rocket to “take
off.”  They can then
graph the results or
figure the average of all
rockets.
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Three fins make it more stable. The little Wan Hu figure is cut
from the template.

Wan Hu is taped to the nose
cone.

Rocket Name Time before rocket lifted off

1.

2.

3.

4.

5.

6.

7.

8.

Which rocket took the shortest time?__________________________________

Which rocket took the longest time? __________________________________

What is the difference between the shortest time and the longest time? ______

_______________________________________________________________

What is the average time?__________________________________________

Graph your results.

Why do you think your rocket acted as it did? ___________________________

_______________________________________________________________

_______________________________________________________________

Run off a class set using light card stock, and then cut out one figure for each student.  Using scissors, the child cuts out Wan-Ho
and then tapes him on top of the little rocket. When fuel is loaded and water applied, the rocket will take off and so will Wan Ho!
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activity four

Visiting Your Airport —
Get Ready For A Field Trip

OBJECTIVE – To familiarize primary (K-2) children with the vocabulary 
and events that will take place when they visit a large commercial airport.
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Before visiting our airport, the
first thing is to connect the
dots on a picture of an air-

plane, color the pages of this
activity, and then pack a lunch.

This is going to be fun!

BACKGROUND 
An airport is an important part of any city.  The airport is

a hub of activity that involves the movement of people and
goods around world.  It is one of the major components of
what is known as the “aerospace community.”  Whenever
an airport is not functioning due to weather or other prob-
lems, the effect is felt not only in the local community, but
state and even nationwide. 

Airports come in all sizes and shapes.  Some are noth-
ing more than a grass strip located on a local farm; others
encompass huge tracts of land.  The new Denver Interna-
tional Airport, for example, covers 57 square miles!  Air-
ports can be dedicated to serve civilian, military or a
combination of both.  They can be privately owned, but the
majority are owned by the public.  Regardless of size and
function, they all exist for the basic purpose of launching
and recovering aircraft.  

Airports and operators of aircraft, have a responsibility
to live and become part of the environment.  One of the
biggest problems surrounding airports is the existence of
wildlife.  Sometimes animals, especially birds, wander into
the path of airplanes in the air or on the ground.  In a few
instances, birds hitting aircraft (known as “birdstrikes”)
have proven to be fatal to aircrew and passengers.  Large
game animals are another wildlife hazard.  Airport authori-
ties sometimes use cattle grates and fences to keep ani-
mals away from runways.  Grates and fences are often
strategically placed around airports to deter the intrusion.  

Noise is another concern. Airplanes are not very quiet
when operating near the ground. When encroachment be-
comes a problem, airports develop what is known as
“noise abatement procedures.”  These usually involve
changes in airport takeoff and landing corridors and power
settings.  

Teachers are encouraged to give children the following
vocabulary prior to a field trip to the airport:
Runway – A runway is a strip of land, usually hard-sur-
faced, that is dedicated to airplanes for the purpose of
landing and taking off.
Taxiway – The taxiway is like a street for a car.  It is a pas-
sageway from the parking area of the airport to the runway
that will be used for departure.
Ramp – The ramp is essentially a big parking lot for air-
planes.
Terminal – Terminals are usually designed to handle pas-
sengers, crews, baggage and cargo that will be departing
from, or arriving at an airport.  
FBO – An FBO is a “fixed-base-operation.”  This facility
provides essential services to pilots.  These include pilot
training, fuel, maintenance, rental aircraft, aircraft sales
and charter flights.

PROCEDURE –
Color it first and then visit The Airport! 
a. It is recommended that teachers copy each of the 

color pages and distribute one to each student in the
order shown in the text.

b. As the children are coloring, the teacher describes 
what they are seeing.

c. A guide sheet can be prepared for each child to use 
on the field trip.  This would include the tour guide, 
the ticket counter, the international symbols and the 
airplane.  

EXTENSIONS –
1. Students can role play different careers involved in an

airport by arranging the classroom to resemble an air-
port with one area set aside as the airplane with cockpit
and passenger seating.  The creativity of the teacher
can make this a very realistic experience.

2. Take a field trip to a real airport in your area and have
students write in a journal of their experiences.

3. Have groups of students create a model of an airport
with vocabulary words labeled on the model. 

NATIONAL STANDARDS
Science Standards:

Standard F:  Science in Personal and Social Per-
spectives

Science and technology in local challenges
Standard G:  History and Nature of Science

Science as a human endeavor
Unifying Concepts and Processes

Systems, order, and organization
Technology Standards:

Understanding of the effects of technology on
the environment.
Understanding of the role of society in the de-
velopment and use of technology.



24

TICKET
COUNTER

“If you are going to go travel
on an airplane, you must 

first buy a ticket!”
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SECURITY
CHECKPOINT

“For safety purposes, all
passengers must go through

a security checkpoint.”



26

INTERNATIONAL 
SYMBOLS

An airport is part of a system that connects travelers from around the
world. These symbols give a picture of various goods and services
common to all travelers. Put the number above the correct symbol:

1. Taxi cab 4. Rental car 7. Barber shop
2. Luggage 5. Ladies restroom 8. Café or food service
3. Telephone 6. Handicap access 9. Menʼs restroom
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This is an airplane being loaded with food for the passengers and
crew.  Next to the man on the ladder is an extension of the terminal

called a ʻjetway.ʼ  This is where the passengers leave the terminal and
enter the airplane.  Connect the dots to make the airplane look real!

Off we go!  Weʼre leaving the airport and weʼre going to a 
wonderful place on an airplane!  Have fun coloring it in!
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activity five

Back To The Basics — 
Paper Airplanes

OBJECTIVE – To create a meaningful lesson in 
controlled flight using a classic paper airplane design.

It’s amazing how a 
simple sheet of paper can 

become a flying machine. For
over one hundred years, most

real airplanes, and many
spacecraft, started out as a
dream, on a sheet of paper.  

NATIONAL STANDARDS
Science Standards:

Content Standards A: Science as Inquiry
• Abilities Necessary to do Scientific Inquiry
• Understanding about Scientific Inquiry

Content Standard B: Physical Science
• Motions and Forces

Content Stand E: Science and Technology
• Abilities of Technological Design 

Unifying Concepts and Processes
• Evidence, Models and Explanation
• Form and Function
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• A paper airplane is a flying machine. Our model has a delta, or
triangular wing configuration.

• When small “elevons” are incorporated into the trailing (aft)
edge of each wing, the paper airplaneʼs flight can be controlled.
(at this time, refer to the NASA illustration of the XB-70A
Research Aircraft shown on page 30 of this activity. Study
its shape and notice the elevons)

• On the studentʼs desk, it is two-dimensional; in flight, it becomes
three-dimensional. 

• In flight, it uses the energy of the atmosphere to keep it aloft
and to make changes in direction.

• Because it is three-dimensional, it has three axes around which
it can move. The axis going through the middle (wingtip to
wingtip) is known as the lateral. Movement around this axis is
known as “pitch,” i.e., nose-up or nose-down. The axis going
through from nose to tail is called longitudinal. Movement
around this axis is known as “roll.” The axis going through the
paper airplane from top to bottom is the vertical. Rotation
around this one is called “yaw.” 

• The elevons mentioned
above can be used to
control the flight of the
paper airplane. This illustra-
tion shows how to build these
control surfaces into the wing.

• When the elevons are put in
the “up” position, this will
cause the little aircraft to
“pitch” its nose upward when the
model is moving through
the air. This is a rotation
around the lateral axis.

• When the elevons are
put in a position where
one is up and the other is
down, it will cause the
model to “roll” when mov-
ing through the air. This is
a rotation around the
longitudinal axis.

• If a cut is made in the aft portion of the fuselage, a rudder will
be created. This will make the model “yaw,” or rotate around
its vertical axis. 

• We have now introduced three-dimensional control into the
aircraft.  

• When the model is launched, gravity starts to pull it back to the
Earth. The aircraft will glide forward literally “skiing” on the air.
This means that that it is getting some lift from the environment
because lift opposes gravity. The actual landing zone is deter-
mined by the amount of thrust (the act of throwing the paper air-
plane), the amount of drag created by the air, and the settings
of the elevons. 

• As the model flies through the air, it immediately starts a de-
scent. This creates an angle to the flat surface upon which it will
land. This is called the angle of descent. Assuming the builder
is standing straight up, and the floor is flat, the angle of descent
creates a right triangle. The hypotenuse can be varied by set-
tings on the elevons. With the elevons in a slightly up position,
the nose will pitch up and create a longer glide path, thus ex-
tending the length of the hypotenuse!

• Looking at this from a historical standpoint, it should be pointed
out that the Wright Brothers first experimented with glider con-
trol before adding power. In this way, they could achieve sus-
tained flight by having control of the machine. 

• If a paper airplane wants to turn to the left, use the aerodynamic
controls (elevons and rudder) to correct it the other way. If the
nose wants to pitch up or down, correct it by making it pitch in
the opposite direction. In other words, use aerodynamic meth-
ods to correct the model in flight.

• It should be remembered that in flight, you (the pilot) are in con-
trol of the aircraft, or the aircraft is in control of you! Without con-
trol, it would be like driving a car without a steering wheel or
brakes!”

ROCKET SCIENCE  
How to teach the principles 

of flight using a paper airplane

To make a traditional delta-wing
paper airplane, the first fold is long-
wise.  Some teachers call this “fold-
ing it like a hot dog bun.”

Using the illustration as a guide, first
fold one of the edges back to the 
center as shown.

BACKGROUND 
There are at least three significant historical examples of how

paper was used in early experimentations with flight: (1) the
Japanese and Chinese were both known to use paper for the con-
struction of kites. (2) The French Montgolfier family had a paper
business and early experiments with paper bags, over an open-
hearth fire, led the way to a successful, man-carrying hot air bal-
loon. (3) Sir George Cayley, an English inventor, used paper to
construct small gliders. He is given credit with building several
successful paper and wood gliders which had the shape of mod-
ern aircraft. The models had wings, a stick fuselage and stabiliz-
ers on the tail. George Cayley lived in the early 19th Century and
his gliders were created around 1812.

At this point, the author would like to show the reader how to
conduct a “flight” lesson using a paper airplane as the hands-on
activity. A paper airplane is a real “flying machine.”  This means
that it uses the energy of the atmosphere to provide lift and control.
Depending upon the teacherʼs background, a significant amount of
mathematics can be introduced with geometry, algebraic formulae
and even computer models for predicted flight profiles. 

PROCEDURE 
TO BUILD A SUCCESSFUL FLYING PAPER AIRPLANE

1. There are “jillions” of different ways to fold a paper airplane.
It is recommended that teachers, squadron AEOs and stu-
dents visit local libraries, or commercial bookstores, to find
publications on the subject.  

2. It is also suggested that teachers, AEOs, students and
cadets look for designs on the Internet. There are several
web sites that feature outstanding creations. Such 
web sites as http://www.fiddlersgreen.net/ contain many
paper models to build. 
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The author recommends that teach-
ers instruct students to “make the
upper edge of the wing match the
lower edge of the fuselage.”  By
matching the two edges, a perfect
wing will be created. As before, use
the illustration as a guide on this crit-
ical fold.

Tape, either masking or Scotch™
brand, can be used to hold the model
together.

As explained in the text, and shown in
the illustration, two elevons are made by
cutting two slits into the back, or trailing
edge of the wing.  The slits allow the
builder to make two equal control sur-
faces.

To make the model safer, it is recom-
mended that the sharp nose be cut
off as shown.  This reduces the risk of
injury in the event a student throws it
at another student.

One of the great research airplanes in aerospace history was the
XB-70A. It was designed to operate at speeds in excess of Mach
3, or three times the speed of sound. Notice that it is shaped like
the paper airplane that was made in this activity. It is suggested
that the teacher make copies of this and distribute one to each
student. An actual XB-70 resides in the U.S. Air Force Museum,
Wright Patterson Air Force Base, Dayton, Ohio. 

The same fold is made on the oppo-
site side. 

It has been found that creasing the
folded edges with a thumbnail makes
a better-looking finished model.

The next fold brings the outer edge to
the center as shown.  Refer to the illus-
tration if you need help on this step. 

It is repeated on the opposite side.
Make sure that the folds are crisp
and that both sides are equal.
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Great ideas often start on a sheet of paper. It is suggested that
students use the Internet to research the NASA X-36 and then 
see if they can create a paper aircraft that looks, and flies, like it!

Web sites for X-36 are
http://www.dfrc.nasa.gov/gallery/photo/X-36/index.html 
and http://www.fas.org/man/dod-101/sys/ac/x-36.htm 

Place a target (hula hoop, plastic garbage bag, etc.) for students to land their paper airplane on.  See who can land on the
target.  If missed, have them adjust one of the control surfaces and try again.  Give them 5 tries and have them record
changes and results.

Trial # Change made Results

1

2

3

4

5
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activity six

The Helicopter —
A Classroom “How-It-Flies” Demonstrator

OBJECTIVE – This is a classroom hands-on project designed to 
demonstrate how a helicopter can fly in about any direction.

BACKGROUND 
The first evidence of a helicopter in history came from the note-

books of Leonardo da Vinci in 1480.  He designed a device that
was supposed to fly vertically with power from a primitive clockwork
motor.  It was stated that a model was built, but it was not success-
ful.

In November of 1927, Paul Cornu was the first person in history
to actually fly a craft that lifted from the ground with no tethering
line.  It had two large propeller-like “rotors” at the end of a frame
that was connected to a 24 h.p. motor mounted in the center “fuse-
lage.”  

Historians give  Russian-born American designer, Igor Sikorsky,
credit for the first true helicopter.  It was designated the VS-300 and
had both a main and tail rotor.  The tail rotor was used to counter-
act the turning tendency (torque) when the main rotor turned.  The
VS-300 had a full three axis control and this gave it the ability to
take off, hover (stand still in the air) and move in any direction.  

NATIONAL STANDARDS

Science Standards:

Standard B:  Physical Science

Position and motion of objects

Standard E:  Science and Technology

Abilities of technological design

Understanding about science and 

technology

Unifying Concepts and Processes

Evidence, models, and explanation
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The thicker meat trays are recom-
mended.  By using the double
template, two or more helicopters
can be cut from one tray.  For cut-
ting, the safer snap-knives are
recommended.

If a teacher is reluctant to use snap
knives, there is another method.
Using a sharp pencil and make a se-
ries of punches very close together all
around the line drawing.  The figure
will pop out and then a sanding stick
can be used to clean up the edges.
This takes a bit longer, but eliminates
the problems some administrators
have with knives in classrooms.

This is the most critical part.  Tell
the children that the part (rotor
head) that holds the CD must be
cut so that the hole in the center
of CD fits tightly onto the rotor
head.  

Sometimes, tape can be used to
make the CD fit better.  

A film can lid is hot-glued to the tail.
This is our simulated “tail rotor.”

The landing gear mounts are cut from
the foam tray and mounted into the
position shown.

A soda straw is cut to make the two
skids.

MATERIALS
LETʼS BUILD A LITTLE 
HELICOPTER CLASSROOM DEMONSTRATOR 

1. The teacher will need a compact disk (CD) for every child.

2. Film can lids are used for the tail rotor. One will be needed for each child.

3. Thick meat trays are recommended, however cardboard can be used as a substitute.

4. Snap knives will be needed, usually one per team.

5. Several hot glue guns.

6. Soda straws are used for the landing gear.

EXTENSIONS

1. Have a pilot fly in a real hel-
icopter and show the chil-
dren the collective and the
cyclic.  Have the pilot show
how these devices help
control the helicopter.

2. Have students research the
many ways helicopters are
used and write a short story
entitled “An Adventure in a
Helicopter.”

3. How Helicopters Work web
site:  http://www.howstuff-
works.com/helicopter.htm

The skids are hot glued to the landing
gear mounts.

To demo how it flies forward, tilt the
CD in that direction.

To demo how it flies backward tilt the
CD in that direction

For sideways, tilt the CD right or left.
For hover, make the CD perpendicular
to the rotor head.  When all done, the
CD can be hot glued into position and
the helicopter becomes a cute model
for display.



Illustration  #1 – When a pilot wants to go straight up, as
in a take off from the ground, he/she lifts up on a device
called the collective. This changes the angle of the main
rotor blades and, as power is added, this creates vertical
lift.  After the model featured in this activity is built, have
the children hold the CD “rotor” level and rise from the
table top. (To demonstrate this, hold the CD level with
floor or table top)

Illustration #2 – When the pilot wants to go forward, the

whole rotor “disk” is tilted forward.  This is done by pushing
forward on the joystick-looking control called the cyclic.
(This is shown by tilting the CD forward)

Illustration #3 – If a pilot wants to fly backward, the rotor
is tilted in that direction.  This is shown to the children by
slanting the disk backward. (Tilt the CD toward the rear)

Illustration #4 – Just like above, to go sideways, the pilot
moves the cyclic to the right or left.  This tilts the rotor in the
correct direction.  (Tilt the CD to the right or to the left)

When the pilot is through flying, he/she moves the helicop-
ter to the landing zone.  The craft is again brought to a
hover and the collective is lowered slowly to bring the heli-
copter back to Earth.  (Have the children level the CD
disk and gently lower it back to the desk or floor)

34

ILLUSTRATION  #1 ILLUSTRATION #2 

ILLUSTRATION #3 

ILLUSTRATION #4 

101ROCKET SCIENCE  
Teaching students how a helicopter flies
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Illustration by Seth Stewart

THE HELICOPTER TEMPLATE 
Place this on a meat tray and cut out on the lines. This template makes two models per tray.

(Do not cut out face, that is to be drawn on.)
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activity seven

Land The Shuttle —
Back From Space! 

OBJECTIVE – The object of  this fun activity is to “fly” a toy airplane down a long
nylon fish line and to land it on a simulated runway in front of  a  “pilot,” holding a

joystick!  Sound crazy?  It works, it’s cheap, and it’s fun for everyone, adults and kids! 

Back in the Seventies, a toy known as ”U FLY IT™,” was
produced by a company called Cootie Manufacturing. It was
a very “basic” little simulator. Creation of this activity was in-
spired by Cootieʼs U Fly It™ toy.

Hereʼs how it works: One end of a long piece of fishing
line is tied to a little wooden stick. This becomes the “pilotʼs
joystick.” The opposite end of the fish line is positioned so
that it is approximately 10 feet away and maybe 5 feet
higher than the pilotʼs joystick. A toy airplane, like the one
shown in the lead photo, is equipped with two eye screws
mounted on the top of the fuselage. These eye screws are
easily obtained at any hardware or home repair center and
are mounted in the position as shown in the photograph.

A little “runway” can be made with tape, and laid out on a

table top ahead of the pilot. [ The Hot Wings™ runway also
works very well ]. When the pilot gives the signal, the per-
son, at the other end, holding the little airplane releases it
and lets it slide down the fish line. 

As the plane slides down the line, it gathers speed. The
object is for the pilot to land the “Shuttle” as it “returns from
space as a glider.” If the pilot pushes forward on the stick, the
line slackens and the airplane picks up more speed. If the pilot
isnʼt careful, the little plane will land short, or undershoot, the
runway. If the pilot pulls back too much , the airplane will over-
shoot the runway and hit the joystick.  After a little practice, the
pilot learns how to “fly” the airplane and make it land to a full
stop on the runway [ like the one at Edwards Air Force Base in
California or the Kennedy Space Center in Florida]. 

BACKGROUND 
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• When a Shuttle mission is complete, the astronauts pre-
pare for the return trip. First the Shuttle Commander fires
smaller maneuvering rocket engines to position the craft
so that it faces forward. This starts the procedure known
as re-entry, or leaving orbit. The Shuttle has heat-resis-
tant tiles on its underside and they act as shields during
re-entry. Temperatures can reach as high as 2,500°F
while inside (cabin) temperatures are comfortable for the
crew. In preparation for landing, the crew dons their
“gravity pants.” These are built so they will keep the
blood flow balanced and to prevent the crew from “black-
ing out.” 

• The Shuttle drops an astonishing 125 miles in approxi-
mately 30 minutes. The Shuttleʼs plasma wake causes
communication problems and several computers are re-
quired to maintain the desired speed and descent angle. 

• Because the Shuttle has no “landing engines,” it is a
glider when it re-enters the atmosphere. 

• The commander actually flies the Shuttle like a conven-
tional airplane once the air is dense enough to make the
control surfaces work. 

• The angle of descent, as it approaches the runway, is
seven times as steep as one would experience on a jet
airliner. 

• When it touches down, the Shuttle is doing 200 miles per
hour. 

• The rear tires touch first followed by the nose gear.

• To bring it to a stop, a parachute is deployed. 

• To this date, there never has been a major accident in
landing the Shuttle—only one blown tire and that was on
mission STS-51D!

ROCKET SCIENCE  
Teaching children about how the Shuttle

comes back from a space mission

NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Abilities necessary to do scientific inquiry
Understanding about scientific inquiry

Standard B:  Physical Science
Position and motion of objects

Standard G:  History and Nature of Science
Science as a human endeavor

Unifying Concepts and Processes
Evidence, models, and explanation

MATERIALS

1. You must find a toy airplane that has a strong set of
landing wheels. (Study the lead photo)

2. It is recommended that you consider the “Hot
Wings™” die cast model. It is not expensive and you
can purchase sponge foam runways. These runways
can be used in this activity. 

3. You will need two eye screws as shown. [hardware
stores]

4. A drill and bit for making two 1/16th inch holes in the
top of the fuselage [helps with eye screws]

5. You will also need a small stick; a pencil or ¼ inch
dowel rod works fine.

6 A strand of fish line. Strength is not a big problem,
however, the larger line is easier to see.

Two 1/16ths holes are drill in the back
of the Shuttle.  They should both be
slightly off-center so that the fish line
will clear the tail.  Notice the size of
the eye screws compared to the size
of the Shuttle.

Here you can see how the eye screws
are installed.  Notice that the front eye
screw has a slight opening in its loop.
This is a desirable  feature and you can
do this with a hack or jeweler’s saw. It
makes it easier to attach.

INSTRUCTIONS

1. Two eye screws are mounted to the top of your model
airplane 

2. The nylon fishing line is attached to the stick (masking
tape works well for this).

3. The other end of the cord is mounted up high some-
where in the room. 

4. A helper will hook the airplane on the cord at the high
end.

5. The pilot sitting in the chair, holding the stick, will call
“go” and the little airplane is released.

6. As the airplane “flies” down the cord, the pilot has to
land it on the makeshift runway. 

7. Have students “land” the Shuttle orbiter on different
length runways. Have them record the conditions for
landing before the end of the runway. (Do 3 trials per
length.)
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If you want to try a larger airplane, it works equally well.  All it takes is the installation of two eye screws and
more nylon fish line.  When the model is released, it slides down the fish line and the pilot has to land it on a
“runway.” This runway can be made from masking or duct tape.  The object is not to overshoot, or undershoot,
the runway.  This illustration shows it being used on a large scale.

Name of Shuttle Commander ________________________________________________________

Trial # 5 ft. 10 ft. 15 ft. Conditions Results 
(joystick (hit, miss long, 

movement) miss short)

1

2

3

4

5

6

7

8

9

To do this table top version, either use the Hot WingTM “runway,” or
one made of tape. A small stick, such as 1/4 inch dowel rod or a pen-
cil, about 6 inches long, works quite well for the joystick. The nylon
fish line is fastened to the stick and the other end of the line is held
by the teacher or helper, 6-10 feet away. When th epilot says, “go,”
the little plane is released and begins sliding down the fish line. The
pilot must then land it inside the “runway” area.
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You can use the same model on a floor. Notice the fan! This was added for “crosswind at the Cape!” The chil-
dren can’t wait to try their skill at making it land and roll out to a full stop, within the length of a piece of tape.  

This is the recommended
HotWings™ Space Shuttle
and runway package.
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Mr. Lifter —
Using A “Rocket” To Lift Weight,

Instead Of  A Wing! 
OBJECTIVE – The purpose of  this activity is to determine the amount of  thrust that

a toy balloon rocket has and then to see if  additional weights affect performance.

Hereʼs Mr. Lifter!
When the clamp is 

released, the balloon
“rocket” goes up 

the string and 
lifts the cup! 
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A toy balloon is inflated and clamped
at its opening

These are the materials that were used in this activity.

A soda straw is taped to the side of
the balloon

A hole punch is used to make three
holes in a foam drinking cup

• Depending upon the class, teachers might only want to approach this
from Newtonʼs third law, “…for every action there is an equal and op-
posite reaction.” That is, the more action it takes to produce a reaction.

• For students in the upper grade levels who are ready for it, teachers
might consider the publication. Microgravity: A teacherʼs Guide with Ac-
tivities in Science, Mathematics and Technology (eg-1997-08-110-
HQ/1997.) This educator guide contains excellent background
information accompanied by classroom activities that enable students
to experiment with the forces and processes microgravity scientists are
investigating today. The teacher can order this publication through
NASA CORE at http://corecatalog.nasa.gov/

101ROCKET SCIENCE  
Teaching children about 

the mathematics of gravity

NATIONAL STANDARDS

Science Standards:
Standard A:  Science as Inquiry

Abilities necessary to do 
scientific inquiry
Understanding about 
scientific inquiry

Standard B:  Physical Science
Position and motion of 
objects

Unifying Concepts and Processes
Constancy, change, and 
measurement

MATERIALS

1. Toy balloons

2. Tape (masking usually works well)

3. Soda straws

4. A paper clamp for launching

5. A paper or foam drinking cup

6. String

7. Scissors

8. Paper clips 

9. A hand held hole punch

Three pieces of string, each cut to
about 30 cm, are attached to the cup.
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The cup strings are attached to the balloon so that the cup will hang straight.
After collecting several paper clips, to be used for weights, you’re ready to give
Mr. Lifter the test.

First, the “launch” string is threaded through the soda straw. Next one end of
the string is taped to the table and the other to the ceiling.  The little balloon is
now ready. When the clamp is released, the balloon will climb the string.  To
complete the activity, measure the distances climbed by the balloon and then
add paper clip weights.  Observe how the weights change performance and
record the thrust figures on a graph.  Mr. Lifter will surprise you!  

MR. LIFTER INQUIRY SHEET

Name ____________________________________________    Date______________________

How many paper clips (mass) does it take to lift Mr. Lifter:

3 feet?  _____________
4 feet?  _____________
5 feet?  _____________
6 feet?  _____________

Graph the distance Mr. Lifter travels when you add:

1 paper clip     ______________
3 paper clips   ______________
5 paper clips   ______________
7 paper clips   ______________

What other masses could you use to regulate the height of Mr. Lifter? _______________________

______________________________________________________________________________
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The vertical lines can be cut with a snap
knife…

NATIONAL STANDARDS
Science Standards:

Standard G:  History and Nature of Science
Science as a human endeavor

Technology Standards:
Understanding of the influence of 
technology on history.

Or, fold the sheet in half and cut with
scissors as shown.

Pop Ups —
A Visual Presentation Of  Aerospace History

OBJECTIVE – To create a visual presentation of  aerospace history.

What a wonderful way to teach aerospace history!
You have the flight, the airplane and a map.!
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The airplane is cut out using scissors. Finally, the airplane is glued to the
front panel with a glue stick.

EXTENSIONS

1. Create an aerospace timeline with your models.

2. Find other historic events that happened the same
year.

3. Read a biography on one of the aviators and report to
the class.

4. Design a collage of aviation people and events.

5. Make a bookmark about your favorite aviator.

They are easy to make and can be applied to many different events in aerospace.



Cut out images and
glue on the correct
pop up from the 
following pages.

Spirit of St. Louis

Lockheed Vega Airplane

X-1 Airplane

First African American 
Pilot to achieve 

internationally recognized
pilotʼs license
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Like the real one, a foam
Cessna is simple, easy to

fly and a starting point for
many careers in aviation.

A Simple Cessna   —
For About 5 Cents, Your Class Can Be 
Introduced To The World Of  Aviation

OBJECTIVE – To introduce students to the science of  flight by building and flying 
a model of  the legendary Cessna monoplane (one wing).  The reason the Cessna is

featured in this activity is not because it’s a  “hot” military fighter, or multi-passenger
airliner, or exotic spacecraft; rather it is a very real, relatively simple flying machine

that can be accessed and experienced by every child.

The Cessna 182 Skylane is used by
the Civil Air Patrol for much of its
air search and rescue mission.
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NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Abilities necessary to do scientific inquiry
Understanding about scientific inquiry

Standard B:  Physical Science
Position and motion of objects

Standard E:  Science and Technology
Abilities of technological design
Understanding about science and 
technology

Unifying Concepts and Processes
Evidence, models, and explanation
Form and function

Technology Standards:
Understanding of the attributes of design.
Understanding of the role of troubleshooting,
research and development, invention and inno-
vation, and experimentation in problem solving.
Ability to apply the design process.

The name Cessna has been around since the 1920s
and has become a benchmark in the world of general avia-
tion.  Cessna is a Wichita, Kansas company that was
named after its founder, Clyde Cessna. In its manufacturing
history, over 180,000 aircraft have been built. This means
that half of all airplanes flying the world today are Cessnas!
Cessna airplanes have been used to train more pilots than
any other in history and one of their airplanes, the 172 Sky-
hawk, is the best-selling light plane of all time. More than
37,000 of them have been built.  The little foam airplane that
will be built in this activity looks very much like the Skyhawk,
or its slightly larger brother, the 182 Skylane.

For about the cost of a tank of gasoline in the family au-
tomobile, a child can actually go flying in a Cessna.  Parents
are encouraged to take children to a local fixed-base oper-
ator (or FAA certified flying school) and make arrangements
for what it called an “orientation flight.”  This experience will
usually last between 30 to 60 minutes and in most cases, in-
structors will allow the child to take the controls and fly the
airplane for a short time.  It is an experience they will never
forget.

Flight in a real Cessna is not an arcade game, nor is it
some kind of a computer-generated virtual-reality simulator.
It is a real machine capable of harnessing the energy of the
atmosphere and the benefits it is has given mankind are in-
credible!  The Cessna model in this activity is made from a
foam meat tray.  By using classroom-proven techniques, the
child creates a little flying machine, which resembles the
Cessna, has most of the parts of a real airplane, and best of
all, it flies.  The child will say, “Itʼs my airplane.”  

MATERIALS The instructor will need:
1. 30 template sheets
2. 30 foam meat trays
3. A separate area [table] dedicated to hot glue gun use
4. Six or more small hot glue guns 
5. It is suggested that at least 15 utility snap-knives be

provided 

BACKGROUND 

LEARNING THE PARTS OF THE CESSNA  

It is recommended
that teachers have
students label the
parts of the model
Cessna they build
for this activity.



1. Check out the snap knives
2. Brief students on the use of the blade. (push

blade out about one inch. Then secure the blade
by pulling back on the thumb-lock) 

3. Check out the foam trays
4. Check out the paper templates
5. Have students lay the paper template on the foam

tray and cut along the lines.
6. Sometimes it is better if students work in teams of

two. Student A watches while student B cuts. This
is a safety precaution and it seems to work well.

7. Once the parts are cut out, have students take
them to the hot glue area for bonding.

8. First glue one wing in place. 
9. Have students site the

wing so that it is per-
fectly perpendicular to
the fuselage.

10. Then, once the glue is
set, have them glue the
other wing in position
making sure that it is in
perfect alignment with
first wing.

11. Finally, have them glue
the horizontal stabilizer
into position making
sure that it is perpendi-
cular to the fuselage. If
these parts are aligned
properly, the little
model will fly better!

PROCEDURES
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The template is first copied from this
text.  The next step is to place the
template on a foam meat tray.  Notice
that the foam tray is slightly larger
than the standard sheet of paper.
This allows all parts to be cut out flat.
The foam meat tray can be obtained
from most meat markets.  

Teachers should assist younger children
in the proper use of a snap knife.  These
knives are by far the safest, and foam is
easy to cut, but accidents can happen.
It is recommended that children work in
teams, one can monitor while the other
cuts out the parts.  Notice also that the
teacher has a cardboard flat under the
work area.  This keeps children from
cutting the top of the table.

Once the parts have been cut from
the foam tray, a sanding stick can be
used to shape the parts.  These are
made of a wooden paint stirring stick
and #100 dry sandpaper.  The sand-
paper is glued to the back of the stir-
ring stick and allowed to dry.  This
procedure is discussed further in the
WingTips section of  the AEX booklet. 

Study this construction illustration first. The
builder cuts out the fuselage, wings and horizon-
tal stabilizer from a foam tray. Then, these parts
are glued into the correct position. Extra parts,
like ailerons, elevator and rudder, can be cut
from index cards and taped in place. 

CONSTRUCTION DIAGRAM
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This is what the parts look like when
cut out and shaped with a sanding
stick.

Using the components diagram
shown above, students should label
parts before assembly.

The components are hot glued into the
position shown in the construction dia-
gram.

To give the best flight characteristics,
make sure students install wings and
tail so that they are perpendicular to
the fuselage.  Note the alignment of
the tail to the wing.  This is how the
real Cessna looks.

Experiment with the flight of your Cessna.  
Change one variable at a time to see what affect it has on the airplane.

Trial # Adjustment made Results

1

2

3

4

5

6
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This is the full-size template for use on a meat tray. 
TEMPLATE

©1982 Ben Millspaugh
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101
It is recommended that the teacher go over the
parts of the airplane so students can learn the
new “language.”  The airplane is totally different
from, say, an automobile and learning the basic
components of a Cessna will help establish a
vocabulary base that applies to all aircraft.

The instructor can use the model airplane for
building a working scientific and technological
base for understanding flight.  The little foam
Cessna is a small flying machine.  It can capture
the energy of the environment to glide, turn, dive
and climb. It should be pointed out that this
model would react totally different on the surface
of the moon, for instance.

The students should be taught how to make it
glide long distances in a straight and level atti-
tude.  This may require slight changes in the
wings and tail. Experimentation is encouraged. 

Control surfaces [ailerons, elevator and rudder]
can be added by using tape and pieces of filing
card stock [see illustration].  

Students should be encouraged to see how
changes in the control surface settings change
the flight characteristics of the Cessna.  

This is a perfect example of Newtonʼs Third Law
of Motion.  When a control surface is changed,
this is the example of an “action.”  The reaction
occurs during the flight.  

The other Newtonian laws can be dramatically
demonstrated using the simple teaching tool.  

By carefully shaping the upper surface of the
wing, Bernoulliʼs Principle can be taught.  A
hairdryer can be used as a “wind tunnel” to pro-
vide the “relative wind.”  When blown over one
side of the wing, it will cause the airfoil to pro-
vide lift!

Teachers and AEOs are encouraged to have the
students bring the Cessna during a field trip to a
local airport.  When a flight instructor, or other
tour guide, is demonstrating the airplane to the
students, parts of the model can be compared to
the real one.  This makes an indelible impres-
sion on the class.

ROCKET SCIENCE  
Learning the language of 
airplanes and basic flight.

It is highly recommended that teachers take a com-
pleted airplane to the meat market to show managers
what the class is doing with the tray.  The teacher can
also offer to hang the childrensʼ models in the market
after the project is over.  This tells the public that the
manager is a supporter of science and technology ed-
ucation. 

Notice the penny glued to the nose; this makes the model fly
better.  Shyh-harn Huang, a Summer Enrichment Program
student from Taiwan, is ready to fly it from the balcony.  This
is her very first experience with aerospace education and she
loves it!  This is not just any airplane, it is her airplane!
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Space Jingo —
A Recommended Learning Game

OBJECTIVE – To learn the fundamentals of  space science and 
aerospace history by playing a game.  This game, a product of  

Gary Grimm & Associates, is patterned after the all-time favorite, Bingo™. 

These are the Space J-I-N-G-O playing cards.  The object is to see if
your card has enough answers to make a straight line…just like Bingo™
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1. The facilitator hands out the J-I-N-G-O playing cards to each
member of the audience.

2. Each player also receives markers that can be put on the play-
ing card squares.  This could be colored paper, pennies, dried
beans, poker chips, etc.

3. The facilitator then shuffles the clue cards and selects one.
The information on the clue card is read to the audience.

4. Each player then checks his/her own playing card to see if
they have the answer.

5. If the player does have an answer, a bean, penny, poker chip
or whatever is used, is placed on the appropriate square.

6. The process is repeated until one player has a winning “line”
on the clue card.

7. For younger children, you may want to make larger classroom
cards for the Jingo squares.  Read the description and give
three choices for the correct response.  Discuss student
choices and decide as a group which is the best choice.

PROCEDURES

SPACE JINGO

NATIONAL STANDARDS
Science Standards:

Standard D:  Earth and Space Science
Objects in the sky

Standard E:  Science and Technology
Understanding about science and
technology

Standard G:  History and Nature of 
Science

Science as a human endeavor

Technology Standards:
Understanding of the influence of
technology on history.

These are samples of the Space J-I-N-G-O playing cards.  The object is to
see if your card has enough answers to make a straight line…just like Bingo™



58

Space Jingo™ is a clever game that allows children, and
adults for that matter, the opportunity to learn more about the
heritage of aerospace flight, and have fun doing it.  This game
will work in the classroom, at teacher workshops and even for
faculty in-service. 

MATERIALS 

You will need to purchase a Space J-I-N-G-O game
and youʼll need a handful of markers for each
player. You can do an internet search to find current
suppliers.

BACKGROUND 

This is one of the best games available to teach aerospace science and
history.  It is fast and can be used in one or more class periods.  Prizes can
be awarded and if these are “space-related,” it makes the game even more
meaningful.  The author highly recommends this as part of the aerospace
program for all levels from about grade three up through high school.    

EVALUATION:

This is the facilitator’s guide
sheet that gives directions and
ideas on how to run the game!
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Hot Air Balloons —
The First True Powered Aircraft

(1783) 
OBJECTIVE – The purpose of  this activity is to 
introduce students and cadets to hot air balloons.
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NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Abilities necessary to do scientific inquiry
Understanding about scientific inquiry

Standard B:  Physical Science
Position and motion of objects

Standard E:  Science and Technology
Abilities of technological design

Technology Standards:
Understanding of the attributes of design.
Ability to apply the design process.

In the late fall of 1783, man first ascended into the at-
mosphere in a craft that was powered by combustion.
This monumental flight was made in a hot air balloon. It
was created by two French brothers, Joseph and Etienne
Montgolfier. 

When the brothers were younger, they noticed that
bits of paper would rise in their home fireplace. Later, they
experimented with inverted paper bags in this large fire-
place. To their amazement, the bags rose in the heated
air. They had no idea of how this was happening and they
theorized that it was a force within the smoke. The broth-
ers experimented with larger bags and eventually demon-
strated one before the king and queen of France. In 1783,
they built a very large paper-lined linen bag and sent aloft
passengers — a sheep, a rooster, and a duck. 

Finally, on November 21st of that same year, two men,
Pilatre de Rozier, a young physician, and the Marquis
dʼArlandes, an infantry officer, climbed aboard a Mont-
golfier balloon and rode into the pages of history. The flight
lasted 25 minutes and covered a little more than 5 miles.

The first flight in the United States occurred on Janu-
ary 9, 1793 and was piloted by Frenchman, Pierre Blan-
chard. This was even witnessed by President George
Washington and it occurred in Philadelphia, Pennsylva-
nia. Today, a hot air balloon is usually made of a poly-
ester, and is filled with hot air from a propane burner.  The
main body of the balloon is known as an envelope and is
built in sections called “gores.” In this activity, you will
combine a series of gores to build a tissue paper balloon. 

MATERIALS 
1. This activity is shown with a hot air balloon kit. These

kits may be purchased through some science education
supply companies such as Pitsco. 
Or you can make your own out of tissue paper by
checking out certain websites such as
http://solospirit.wustl.edu/solospirit2/education/balloon-
ing.makeone.html or www.capmember.com/ae 
(click on lessons & other AE resources.) 

2. It will be assumed that you have the kit for this activity.

BACKGROUND 

101
• Make sure that children understand that hot air rises. 

• Next explain density. Try finding a little drinking cup
(medicine) and a cork about the same size. Fill the drink-
ing cup with water and put it in an aquarium. It will sink.
Then put a cork in the same body of water—it will float.
The children will catch on quickly when you tell them that
a volume of water the same size as the cork is heavier
and thatʼs why the cork floats. 

• Tell them that in the air, a balloon full of cold air is heav-
ier than a balloon full of hot air. The hot air makes the
balloon act like the cork. 

• Challenge them with this question, “ how does a hot air
balloon create its own thermal?”  Answer: Gliders fly by
getting lift from the environment and this usually comes
from columns of rising warm air called thermals. When
the burner is ignited in the basket of a balloon, it creates
a column of warm air and this creates lift for the balloon. 

ROCKET SCIENCE  
Teaching children how 
the hot air balloon flies

A heavy line of adhesive is applied
with a common glue stick to the
lower gore

The glued portion is folded over and
bonded to the upper gore.

A replica of the
Montgolfier stands
in the National Air
& Space Museum,
Washington D.C.
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1. Lay one gore (color panel) on top of the other allow-
ing ½ inch margin to show on the bottom panel.

2. Apply a heavy line of stick glue to the ½ inch margin
on the bottom panel.

3. Fold this ½ inch portion over and seal it to the top
panel.

4. The process of bonding the gores together is re-
peated.

5. Gores #1 and #7 are bonded and the balloon is
closed.

6. The top of the balloon
is tied with a string or a
piece of fish line.

7. Masking tape is used
around the bottom
opening.  This adds
weight and strength-
ens the opening.

8. The balloon is allowed
to dry for about two
hours.

9. A hair dryer is used to later inflate the balloon so the
builder can check for holes.

10. For actual launch, an electric paint-removing gun
works best.  

11. Have students (in groups) design a hot air balloon.
Get each group to fill their balloon with hot air and
time how long the balloon stays in the air and how
far it travels.  Ask: “What factors affected the flight
of your balloon?”

PROCEDURES

Gore #7 is bonded to gore #1 and this
closes the balloon

Although this image shows only one person, it is best to have a helper hold the balloon while heat is being applied.  After
about 2 minutes, the balloon will stand alone.  It is ready to be launched.  Be very careful not to let the electric paint re-
mover gun come in contact with the paper. THERE IS DANGER OF FIRE. 

Groups Time Aloft Distance Traveled Why do you think your  
balloon behaved as it did?

Group A

Group B

Group C

Group D

Group E

Group F

Group G
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activity thirteen

The Goddard Rocket 
OBJECTIVE – To introduce students to the man who pioneered liquid-propelled,
controlled rocket flight and to build an inexpensive flying model of  his 1931 rocket.

NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Abilities necessary to do scientific inquiry
Understanding about scientific inquiry

Standard B:  Physical Science
Position and motion of objects

Standard E:  Science and Technology
Abilities of technological design

Technology Standards:
Understanding of the influence of technology
on history.
Understanding of the attributes of design.
Ability to apply the design process.

Goddard rocket model complete and ready to fly!

MATERIALS 
1. Template sheet for fins (make repros for class or

squadron on a copy machine) 
2. One foam meat tray per student
3. One pipe insulation tube cut to a length of 14 inches.

(Note foam pipe insulation tubes come in five- foot
lengths.  You can get 4 rockets from one of these tubes.
For a class of 30, youʼll need 8 tubes. The cost varies,
but the average is around one dollar per tube.)

4. One hot glue gun 
5. One snap knife to cut foam
6. One cable tie
7. One #64 rubber band
8. One soda straw
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The template is positioned on the
meat tray and the fins are cut out
using a snap knife.

The fins may be left as is or sanded
for a more aerodynamic shape.

A piece of pipe foam insulation is cut to
a length of 14 inches.

Hot glue is applied to the edge of the
fin, not to the pipe foam.

The fin is now placed on the pipe
foam covering the seam.  This seam
acts as a positioning guide.

The fin guide is wrapped around the
pipe foam as shown.  It is designed to
wrap around the tube end to end at
the seam.

The small arrow show the builder where
the other fins are to be mounted.

You are now ready to work on the
power source.  Tie a soda straw
around a #64 rubber band.

BACKGROUND 
Rockets have been known to exist for centuries, but

all of the thrust devices employed in these primitive “fire
arrows,” as the Chinese called them, were made of solid
materials and once ignited, were uncontrollable.

Robert Hutchings Goddard, who is considered to be
the Father of Modern Rocketry, was born in Worcester,
Massachusetts, and as a boy developed an interest in
space travel. Later, as a scientist, he pioneered the tech-
nology of using liquids for thrust power instead of the un-
controllable solid fuels. By using a combination of liquids,
rather than solids, Goddard was able to vary the volume
of fuel flow and thus, get control of the amount of thrust
produced.  This paved the way for manned, rocket-pow-
ered craft.

In 1926, near Auburn, Massachusetts, Dr. Goddard
successfully launched the worldʼs first liquid-propelled
rocket. To give a comparison of its potential, a liquid-fu-
eled rocket the size of an automobile engine, produces
approximately 3000 times more power. Goddardʼs re-
search opened the “door to space flight.”  To be able to
go into space, man had to first break the sound barrier.
On October 14, 1947, Charles E. “Chuck” Yeager accom-
plished this feat when his rocket-powered Bell XS-1 ex-
ceeded  the speed of sound.

During his lifetime, Robert Goddardʼs work received
little attention from his country and from his fellow scien-
tists; however, after his death, the government recog-
nized his great contributions and awarded his family the
Congressional Gold Medal.

The template is positioned on the
meat tray and the fins are cut out
using a snap knife.The rubber band
and soda straw are now stuffed into
the nose of the foam tube.

A cable tie is wrapped around the
opening back about 3/8ths inch.  No-
tice how much rubber band is left
outside of the opening. 

The cable tie is cinched down with
force.  Make it tight.

The tail is trimmed off of the cable
tie.  To make this easier, wiggle the
tail back and forth quite a few times
(10-20).  This weakens the tail and
makes it much easier to cut.
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A big blob of hot glue is squeezed on
to the cable tie head.  This adds a
measure of safety to the construction.

Complete and ready for the launch! This illustration shows Goddard’s
1926 liquid filled rocket (right) and
his very successful 1931 model. The
rocket that was built in this activity
was inspired by the 1931 model.

Goddard rocket model complete and ready to fly!

To Fly the Rocket 

1. Put one thumb into the “tailpipe” and hold the tail firmly.
2. Put the other thumb into the rubber band.
3. Stretch the rubber band to about 4 inches.
4. When you launch the rocket, pitch it forward in a slight arc.   
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GODDARD INQUIRY SHEET

Goddard Rocketeer ________________________________________________   Date__________________________

1. What propels your rocket? _________________________________________________________

________________________________________________________________________________________________

2. How does Newtonʼs third law (for every action, there is an equal and opposite reaction) apply to your rocket?  _______

________________________________________________________________________________________________

3. What variables affect how far your rocket travels? ______________________________________________________

________________________________________________________________________________________________

4. Adjust one variable and record your distance?  (Repeat this step 5 times)

Launch # Variable Changed Distance Traveled

Launch #1

Launch #2

Launch #3

Launch #4

Launch #5

5. Conclusion:  Write a conclusion explaining why the rocketʼs distance changed?________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

Urban Quint, 
former teacher,
template builder
and master 
aerospace 
educator! 

For teachers of younger children, or
for sessions where time is limited, it
is suggested that a six-fin template
be used.  The teacher can pre-trace
six fins onto one foam meat tray.
The children can work in teams of
two and share the fins from one tray.
These wonderful plastic templates
can be made with a pattern at a local
engraving shop.
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activity fourteen

Exploring The Playground 
Solar System With Rockets!!

OBJECTIVE – To give teachers a great physical activity 
that combines model rocketry, astronomy and the playground.

NATIONAL STANDARDS
Science Standards:

Standard D:  Earth and Space Science
Objects in the sky

Unifying Concepts and Processes
Systems, order, and organization

This the first image in the NASA Lithograph Set.

MATERIALS 

1. The Goddard Rocket complete and ready to fly

2. Solar System Lithograph Set for Space Science NASA 
[ EP-1997-11-371-HQ *]

3. A trivia sheet about the solar system for each child.
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BACKGROUND 
When AEX I was in the planning stages, a group of cur-

rently- employed classroom teachers met to discuss the
activities that the author was considering.  The question
was put to the group, “…how can the Goddard rocket be
used in a meaningful playground activity, you know, one
where the children are constantly moving?”  The author
was thinking about having the students do an ecological
study; i.e. wherever the rocket landed, investigate the soil,
grass, trees in a grid. Thatʼs when Ms. Ann-Keveʼ Black-
burn, 3rd grade teacher at Pinon Valley Elementary
School, in Colorado Springs, Colorado, said, “…let the
playground be the solar system and the Goddard Rocket
be the ʻspace ship.”  It was stroke of genius!  She contin-
ued, “…before class, the teacher [or an aide ] sets up the
ʻplanetsʼ at various locations around the playground.  The
starting point might be the Earth, or the Sun.  Attached to a
tree, a bush, or a pole, is a NASA lithograph* with the pic-
ture of the planet on it.  Under the picture is the information
about the planet.  The students are given a ʻSolar Triviaʼ
sheet and when they arrive at a certain planet, they have
to read the information and answer the trivia question.
This continues for as long as it takes for them to ʻexploreʼ
the entire solar system!”   When Ann-Keveʼ finished, she
received a round of applause from the others.  So there
you have it…exploring the solar system right in your own
ʻback yard!ʼ   Thanks Ann-Keveʼ

PROCEDURE
1. Build a Goddard Rocket. Be sure each student can

identify his/her rocket from all the others.

2. Prior to class, the teacher or aid strategically places
the “planets” at various locations throughout the
playground.

3. Hand out a trivia sheet, one question for each planet.

4. Review the trivia questions and tell each student
what they have to do.  The object is to answer each
trivia question.  The only way they can do this is to
launch their rocket into the vicinity of each planet.
This could be a large circle drawn in the dirt, sand or
on the grass, around the ʻplanet.ʼ

5. Select a  “launch site” (maybe the Earth or the Sun),
and then one by one, students “fire” their rockets to-
ward a planet.

6. The teacher might want to consider using a whistle
to announce launches.  The students hear a whistle
blow and launch.  They know that at the next whistle
blow, they must have answered the trivia question.
This keeps them excited and having fun with the ac-
tivity.

7. At the end of the period, students hand in the trivia
page and the Goddard Rocket goes home!  

Students in a summer enrichment program, at the University of Northern Colorado, launch their Goddard
rockets toward the playground “solar system.” Each student, after launch, picks up a “solar trivia” sheet and
goes exploring the solar system looking for answers.  
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This is the information and Fast Facts sheet that you will see on the backside of each lithograph image.  
Depending upon grade level, the teacher may use any or all of this information for the students to read while
they are looking for answers to their trivia quiz.  

*This set may be ordered from NASA CORE (NASA Central Operation of Resources for Education) Lorain County Joint Vocational School, 15181 Route 58 South,
Oberlin OH 44074.  The web site for CORE is http://education.nasa.gov/edprograms/core/home/index.html

This is an example of another
image you will get with the

Solar System Lithograph Set.  

NASA LITHOGRAPH SET
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activity fifteen

Space Food —
Cosmic Cuisine For Little Astronauts

OBJECTIVE – To give children an idea of  what astronauts eat 
and how their food is packaged and rehydrated for long space flights.

If chocolate pudding is involved, this has to be a favorite activity
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NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Abilities necessary to do scientific inquiry

Standard B:  Physical Science
Properties of objects and materials

Standard C:  Life Science
Organisms and environment

Standard F:  Science in Personal and Social 
Perspectives

Personal health

MATERIALS 

Our future astronaut, Cassie, shows what the materials
are for this activity.  From left to right, there is a reseal-
able plastic freezer bag, non-fat dry milk, instant choco-
late pudding, soda straw, water and measuring cups.

BACKGROUND 
“Travelers have known for a long time that condensing

food will make their journey easier.  It is no different in the
space program.  Hikers use rehydratable foods so they do
not have to carry very much weight.  This makes it easier to
travel.  All weight going into space raises the fuel consump-
tion at liftoff.  It is important to eliminate as much weight as
possible.  Because the fuel cells on the Space Shuttle pro-
duce water as a byproduct, water is easily attainable.
Therefore, taking food along that can be rehydrated
(adding water) with this water make sense because it re-
duces the amount of weight on liftoff.  The rehydrated foods
also take up much less space, and space is a valuable
commodity onboard the Space Shuttle.”  (taken from the
Space Food and Nutrition Educatorʼs Guide, NASA)

CREDITS  For further in-
vestigation into space
food, it is recommended
that the teacher go to
http://www.nasa.gov/au
dience/foreducators/to
pnav/materials/listby-
type/Space_Food_and_
Nutrition_Educator_Gu
ide.html.  Here is an ex-
ample of the web site as
displayed in the summer
of 2009
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A small amount of each dry ingredi-
ent is poured into the plastic bag.

This is “rehydration” phase.  Water is
added, the bag is sealed and the mix-
ture is kneaded.

With the teachers help, a small hole is
cut into the upper portion of the plastic
bag.

The bag is checked, resealed and
ready for everyone to test the “Cos-
mic Cuisine!”

Have students write in a journal or discuss the following questions:

1. What changes happened as you rehydrated your space food? ____________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

2. Would the temperature of the water make a difference? __________     How? ________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

3. Why did you use a ziplock bag instead of a bowl? ______________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

4. What other foods could be taken on the Space Shuttle and rehydrated? _____________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

5. Write the steps (procedure) to make a rehydrated food or drink. ___________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________
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activity sixteen

Hands On At The Space Station
OBJECTIVE – This activity will help students understand how astronauts cope 

with engineering problems while wearing bulky, protective space gloves.

NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Abilities necessary to do scientific inquiry

Standard C:  Life Science
Organisms and environment

Standard E:  Science and Technology
Abilities of technological design
Understanding about science and technology

Standard F:  Science in Personal and Social Per-
spectives

Changes in environments
Standard G:  History and Nature of Science

Science as a human endeavor
Unifying Concepts and Processes

Form and function
Technology Standards:

Understanding the attributes of design.
Understanding of the role of troubleshooting, 
research and development, invention and inno-
vation, and experimentation in problem solving.
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MATERIALS 
Students can work individually 
or as a team of two

1. One pair of ski gloves 

2. One coin wrapper and coins
[pennies work well]

3. One ballpoint pen 

4. A piece of heavy string

5. A toy construction set like
Lego,™ Erector, ™ or Tinker
Toy™

6. A bolt, two washers and a nut that fits the bolt

7. A sheet of paper to record the times.

BACKGROUND 
“Special” flight suits have been around since

the 20s when pioneering aviators needed protec-
tion and supplemental oxygen while attempting
high altitude records.  Space suits came into
prominence during the 50s when test pilots like A.
Scott Crossfield were routinely flying aircraft like
the X-15 to the edge of space. 

Like the rest of the body, the hands have to be
protected from the hostile environment of space.
To do this requires bulky gloves and these restrict
movement of the wrist and fingers   In this activity,
ski gloves are used to simulate space gloves.  Stu-
dents are asked to perform simple tasks like pick-
ing up coins and stacking them in a wrapper that
soon becomes “complicated.” When they slip on a
pair of common ski gloves and try the same activ-
ity.  The teacher can add more “drama” by timing
the students.  This is a fun activity that can be eas-
ily performed during one class period.

CREDITS 
Ms. Lauren Allwein, teacher at Euclid Middle School,

Littleton, Colorado, is given credit with developing this ac-
tivity and the five components shown above. She has used
this as part of her 7th grade aerospace class for several
years and,  because they live in Colorado, most students
already know that bulky gloves can be a problem.  When a
simple task canʼt be performed, students are used to just
removing their gloves; however, it comes as quite a sur-
prise when they realize that in space, you canʼt remove the
glove.  Thatʼs when they become “educated” about the
harsh environment of the International Space Station.
Lauren says this is one of her more popular class hands-
on activities. 

EXTRA RESOURCES
• There is a interactive spacesuit experience at

http://www.nasa.gov/audience/foreducators/spacesuits/h
ome/clickable_suit.html

• “Space Educatorʼs Handbook – The Spacesuit”
http://er.jsc.nasa.gov/seh/suitnasa.html 

• NASA CORE – videocassette “Shuttle Life in the World of
Weightlessness” and “Eating and Sleeping in Space.”
Also “Mars, What Would You Wear?” is a humorous
three-minute presentation filmed aboard NASAʼs KC-135
aircraft during flights to simulate different degrees of
weightlessness.  Includes “Suited for Spacewalking
Guide.”

• Space Wardrobe from Starchild website: 
http://starchild.gsfc.nasa.gov/docs/starchild/space_level2/
wardrobe.html

PROCEDURE 
Have students first try these tasks and then have them don the ski gloves and try the same tasks again:

1. Pick up 10 coins and place in a wrapper Time _____________ Time with gloves _____________

2. Loop string through washer and tie Time _____________ Time with gloves _____________

3. Write name, address and phone with pen Time _____________ Time with gloves _____________

4. Assemble bolt, washer and nut, 5 turns Time _____________ Time with gloves _____________

5. Construct a figure with a toy set like 

Lego™, Erector™ or Tinker™ Time _____________ Time with gloves _____________
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activity seventeen

Let’s Build And 
Orbit A Satellite

OBJECTIVE – This is a hands-on activity designed to teach children how satellites
orbit the Earth and the science that keeps them in orbit.

NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
• Abilities necessary to do scientific inquiry

Standard B:  Physical Science
• Position and motion of objects

Standard D:  Earth and Space Science
• Objects in the sky

Standard E:  Science and Technology
• Understanding about science and technology
• Abilities to distinguish between natural objects

and objects made by humans
Standard F:  Science in Personal and Social Per-

spectives

• Science and technology in local challenges
Standard G:  History and Nature of Science

• Science as a human endeavor
Unifying Concepts and Processes

• Evidence, models, and explanation

Technology Standards:
Understanding of the relationships among technolo-
gies and the connections between technology and
other fields of study.
Understanding of the effects of technology on the en-
vironment.
Understanding of the role of society in the develop-
ment and use of technology.
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BACKGROUND 
A satellite is a natural, or artificial object that orbits the

Earth. An example of a natural satellite is our moon. Artifi-
cial, on the other hand, means “man-made,” and as we
have learned from aerospace history, the first was sent
into orbit by the Russians in 1957. This craft was called
“Sputnik” and although it was a small scientific experiment,
it literally changed the course of world history.

The first satellites were experiments in scientific theory.
Today, however, they are very sophisticated and serve a
huge variety of purposes. Virtually all satellites gather and
relay information back to Earth for our use. The most well
known satellites are used in the observation and prediction
of global weather. Others satellites give us our precise lo-
cation on the face of the Earth and this information allows
us to travel to distant locations and arrive at exactly the
planned destination. This latter example is known as the

Global Positioning System, or GPS.
Satellites are divided into four broad categories. The

first is communication. These satellites relay and amplify
electronic signals from stations on Earth. Next is naviga-
tion; these send positional data and timing to special re-
ceivers, which allow us to calculate our position. The third
is observation. These satellites look at the Earth, collect
information and relay it to ground stations. The last cate-
gory is scientific. These are tools used by scientists to col-
lect information about the universe and relay it back for
further study.  It is recommended that teachers and stu-
dents read Satellites-Unmanned Spacecraft in Aero-
space, The Journey of Flight, 2nd edition, pages
591-603. This is an outstanding, easily read, synopsis on
satellites and how they have brought great benefits to
mankind.

Two toothpicks are inserted into the
super ball, 180° apart. 

For safety sake, clip the toothpicks
with scissors.   Next, insert an un-
folded paper clip, halfway between
the two toothpicks, into the super ball.

Two small pieces of file card are hot
glued to the toothpicks. These are the
solar array panels which provide “sun-
power” to the little make-believe satellite.

A string is attached to the paper clip.
For class use, the globe is secured by
letting it sit in a flower pot or open box.
Two-sided tape can be used to keep it
from getting bumped off by the chil-
dren.  The string holding the satellite is
secured from the ceiling (any kind of
tape will work) directly above the “north
pole” of the globe.  If it’s correctly
mounted, the satellite will rest on the
globe somewhere between the equator
and north pole.  With a little coaxing, the
satellite will “orbit” the globe.  

To build a little orbiting satellite, you need these materials.  Aside from the 12 inch inflatable globe, and a hot glue gun,
it’s quite inexpensive.

MATERIALS – Okay,
enough exhausting rocket
science, letʼs have some
fun building and orbiting a
little satellite. You will need:
1. A super ball ( anything

about the size of a golf
ball will work)

2. A large ball, or inflatable
globe, which will repre-
sent the Earth.

3. A box or flower pot to
hold the Earth.

4. String to hold the satellite.
5. File cards to make the

solar array panels on the
little satellite

6. Toothpicks
7. A paper clip
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The science of “orbiting” is “rocket science,” but not all that complicated. It is
somewhat difficult to completely simplify the explanation of how a satellite
stays “up there,” but if the reader will give it a try, hereʼs how it all works: 

To be able to explain it to children, make sure you understand the word Inertia.
An example of inertia would be a runner, after hitting a softball, going toward first
base and not being able to stop. Itʼs her inertia that makes her over run the
base. The scientific definition is “…a property of matter whereby it remains…in
motion unless acted upon by some outside force.” In essence, the faster she
runs, the more difficult itʼs going to be to stop! She has more inertia.

Keeping inertia in mind, letʼs apply it —If an object were taken up to an altitude
of 100 miles and dropped, it would not “float off into space,” rather it would fall
back to the Earth. The only way to keep the object from falling to Earth is to
produce a force that is equal and opposite to the force of gravity. This is what
satellites have to do to stay in orbit and they do it by using inertia. To get a bet-
ter understanding, imagine a tower that is 100 miles tall! Stretching your imagi-
nation even further, imagine that there were a box of softballs at the top of this
tower. You, having no fear of height, and being totally scientific about all this,
proceed to play with the softballs. First you simply drop one ball and you are
expecting it to go straight down! Big surprise — it doesnʼt go straight down.
The reason is that, because of the height, and the fact that the Earth is turning,
the tower moves away from the ball and this creates a curved path. 

Step two: Rather than just drop a softball, this time youʼre going to throw it
away from the tower, it will follow an even greater curved path. Throwing a ball
harder gives it more inertia. Step three: One by one you throw the balls harder
and harder away from the tower. The harder you throw these baseballs, the
farther they go in curved paths. If you throw one of the balls at a speed of
18,000 miles per hour, it will have enough inertia to stay there. Essentially, a
satellite is trying to fall back to the Earth, but its inertia keeps it traveling paral-
lel and not falling back. Therefore, if you can push a satellite, say with a rocket,
up to about 18,000 miles per hour, it will have enough energy to overcome the
relentless pull of gravity and stay in orbit!

THE MANY USES OF SATELLITES: 
1. Use visible satellite images to teach geography.  Have

students pick out the names of different places on the
image.

2. Weather and satellite images.  Have students take a
look at daily satellite images to compare local weather
and weather across the country.

3. Study of earth.  Locate satellite images of life and land
on Earth.  Lithographs from NASA called “Exploring
Earth From Space” will enhance the study of science,
math, technology, and geography.

4. The videocassette “Liftoff to Learning:  Episode 13: 
Geography From Space” offers a rapid tour of Earthʼs
surface as seen from outer space.  (NASA CORE)

5. Landsat materials web site:
http://landsat.gsfc.nasa.gov/education  

Student Assistant Ashley Cross, in the summer enrich-
ment program of the University of Northern Colorado,
demonstrates an equatorial orbit with the satellite.  If
the globe is placed where the equator touches the
floor, a polar orbit can be shown.  If the teacher lets
the satellite slow down, it will return and touch the
globe.  This of course demonstrates how satellites re-
turn to the atmosphere due to the pull of gravity.

WHAT ACTUALLY HAPPENS IS THIS:  
When the satellite starts “orbiting” the globe, inertia will keep it from coming
back to rest. In other words, this inertia makes it orbit the globe.  Because of
air resistance and a decrease in energy, the satellite will eventually slow
down and come to rest on the globe. In explaining this to students, make sure
they understand there is no air resistance in space and that a rocket provides
the inertia to keep the satellite in orbit.   
For further investigation, look up “geosynchronous” and “geostationary” or-
bits.  Break these words down and discuss “geo,”  “synchronous,” and “sta-
tionary.”  Challenge the students to see if there is any way to create these
orbits in miniature!  (clue—what about a motorized platform for the globe?)  

101ROCKET SCIENCE  
The science of orbiting
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activity eighteen

Toys In Space — 
A Highly Recommended 
Space Activities Book

OBJECTIVE – To offer teachers a valuable resource for 
activities related to toys and how they function  in space. 

Dr. Carolyn Sumners’ best-selling hands-on aerospace activity book, Toys In Space. “That’s me, Astro, 
standing next to my picture on the front cover.  
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BACKGROUND 
“Motion toys are effective tools for helping children learn

science and mathematics. Scientific and mathematical prin-
ciples make these toys work. For example, wind-up toys
convert stored potential energy in their springs into kinetic
energy as the springs unwind. Gravity often plays an impor-
tant role in the actions of toys, but how would the same toys
function in an environment where the effects of gravity are
not felt? The Space Shuttle provides such a setting so stu-
dents can discover the answer to these questions.

A Space Shuttle orbiting around Earth is in a state of
freefall that eliminates the local effects of gravity, making
objects inside appear to float. NASA refers to this environ-
ment as microgravity. Videotapes of toys in microgravity
enable students to see subtle actions that gravity masks

on the surface of Earth.
Dr. Carolyn Sumners, of the Houston Museum of Natu-

ral Science, Houston, Texas, recognized the appeal of
using toys in space. She assembled a small group of toys
and placed them onboard Space Shuttle mission 51-D that
flew in April of 1985. During the flight, crewmembers un-
stowed the toys and experimented with them. Their experi-
ments were videotaped and have been used as an
effective teaching tool in thousands of schools. 

Because of this success, a second group of toys was
flown on the STS –54 mission flown in January 1993. Dr.
Sumners, working with a multi-grade and subject area ed-
ucational advisory group, selected the toys from hundreds
of possibilities.

PROCEDURE 
1. This is an excerpt from the NASA publication, Toys In

Space II Video Resource Guide. It gives a brief overview
of the toy, Rat Stuff™. 

2. In our featured book, Toys In Space, the table of contents
gives teachers an idea of the incredible potential this pub-
lication has as a resource:
a. Welcome to Space
b. Space Acrobats (four toys featured)
c. Space Swimmers (three toys)
d. Space Flyers (five toys)

e. Space Rollers (two toys)
f. Space Waves (two toys)
g. Space Spinners (six toys)
h. Space Blades (six toys)
i. Space Magnets ( three toys)
j. Space Contests (four are featured)
k. Space Games ( six are featured)
l. Space Resources (five are featured)
m. In all 40 toys are featured as scientific activities.

3. Dr. Sumnersʼ book opens with an introduction that in-
cludes:
a. Career-based activities (technician, engineer, scien-

tist, mission controller)
b. Assessment. She states “National Science Education

Standards state that curricula should measure ʻwell-
structured knowledgeʼ and ʻscience reasoningʼ and
should focus on progressive assessment of what stu-
dents are learning rather than what they do not know.
The Toys In Space program is based on this approach.”

c. Systems approach. “Whenever possible toys are
presented as miniature mechanical systems that may
perform differently in microgravity. Science concepts
are introduced to explain the behaviors of these toy
systems.” 

d. Doing Science Inquiry. Each toy investigation is
structured around student abilities to do scientific in-
quiry as described in the National Science Education
Standards.

e. Toys in Space Table. This component gives the toy,
construction, type and [scientific] concept. 

f. Science and Technology. Dr. Sumners explains,
“Most importantly, the Toys in Space program inte-
grates science, engineering and technology.”

g. Toy Missions. This component explains how the toys
became part of the cargo on a Shuttle mission.

h. Toy Preparation. This talks about how the toys were
packaged for the mission.

i. Astronaut Choices. Self-explanatory.

This gives the teacher an idea of how it was tested in space.
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Roger … start the countdown! Ye-e-e-ha-a-a!!!! Houston, I’m in microgravity now! That was fun! Wanna see me do it again?  

This is a sample page from the book Toys In Space. It shows part of the procedure for
testing the mechanical action of the mouse. Students observe this action, as it occurs on
Earth, and then theorize what happened when Astro went into space. The lesson is rein-
forced with actual videos taken aboard the Shuttle flight.  Courtesy of Learning Triangle
Press, McGraw-Hill Publishing Company, NY, NY. The videocassette “Toys in Space”
(1985) and “Physics of Toys in Space” (1993) are found in the NASA CORE catalog.

MATERIALS 
1. One toy will be featured in this activity: a hopping mouse (Rat Stuff™).  This toy is made by the TOMY Corporation, Car-

son, California 90745. 
2. It is highly recommended that the teacher purchase Toys In Space, Exploring Science with the Astronauts, by Dr. Car-

olyn Sumners.  This book is available online by doing an internet search.
3. It is also recommended that teachers write for Toys In Space II, Video Resource Guide. This wonderful document is part

of NASAʼs LiftOff To Learning series and is suitable for levels, K-12.

j. Rejected Toys. Self-explanatory.
k. Vomit Comet testing. This part tells the reader

about the experiments during in-flight, pre-mis-
sion rehearsals.

l. The Third Toy Flight, Materials Testing and
Summary round out the introduction.

4. The teacher is given a thorough background in the
“Language of Physics” in a section called “Speaking
Toy Science.”  This includes titles like “Microgravity
Float,” “Free-Fall Orbits,” “Gravity Drop,” “The Inertia
Roll,” “ The Friction Roll,” “The Mass Effect,” “The
Gravity Race,” “The Gravity Catch Cup-Catch,” “The
Momentum Roll,” “Controlled Collisions,” “Action-
Reaction Collisions,” “Ball Toss,” “Energy Ex-
change,” “Circling Force,” “Spinning Motions,”
“Balance,” “Flight” and “Synthesis!”

5. A wonderful section called, “Astronaut Notebook,”
goes into detail as to how the human “copes” with
living in a microgravity environment. Dr. Sumnersʼ
builds a few “mini-activities” into her “Astronaut
Notebook” that add interest. An example is “How
much bigger is your classroom than the  Shuttle
mid-deck,” or “Think of a good exercise to do in
space.” 

6. The actual “hands-on” toy activities are developed
throughout the rest of the book. Our example is
“Rat Stuff,” nicknamed, “Astro” by the author. Dr.
Sumners opens with a little background:  “Rat
Stuff, the flipping mouse, behaves like a real astro-
naut might in the roomy environment of a future
space station. After a class discussion on life in
space, Rat Stuff gives students a chance to experi-
ment with human space activities in miniature. Rat
Stuff activities reinforce student understanding of
Newtonʼs Third Law of Motion and are appropriate
to complement class lessons of forces or on living
in space.” 
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activity nineteen

Space Scooter —
A Little Microgravity Right Here On Earth

OBJECTIVE – – To introduce students to the concept of  microgravity and how living
in space is different than on planet Earth.
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NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
• Abilities necessary to do scientific inquiry
• Understanding about scientific inquiry

Standard B:  Physical Science
• Position and motion of objects

Standard C:  Life Science
• Organisms and environment

Standard G:  History and Nature of Science
• Science as a human endeavor

BACKGROUND 
The term “weightlessness” is not exactly correct; a more

appropriate term would be microgravity. Astronauts are not
totally weightless even when floating in space. Whatʼs actu-
ally happening is the astronaut is in a state of “free fall.” Letʼs
look at this by comparison. Imagine that you are standing on
a bathroom scale looking at your weight. Now imagine that
you are professional skydiver and you decided to jump out of
an airplane with the bathroom scale attached to the bottom
of your shoes with something like Velcro™. Just before jump-
ing (youʼre inside the plane) and your weight is what it is on
the ground. Then, you hop out of the plane and all of a sud-
den you look at the scales and your weight goes to zero. You
and the scales are falling back to the Earth at the same
rate. Thatʼs microgravity. Now, letʼs go up into orbit, in the
Space Shuttle, and see what happens: The Shuttle and you
are falling around the world all at the same rate. Inside the
Shuttle, and on worldwide television, it looks like everything is
floating. Okay, if an astronaut is given a task of tightening a
loose screw on a cabinet or locker, the natural thing to do is
to get a screwdriver and do the job. But thereʼs a small prob-
lem, when he or she turns the screwdriver, the astronaut, not
the screw rotates!! Thatʼs right, the person will spin around.

MATERIALS 
1. The teacher can purchase a “scooter” at a home supply

center.  The one shown is called the “Tub Walker” and
itʼs made of cedar.  It has four caster wheels and costs
just under $20.  This one is only 14” across and is
mostly for standing.

2. In the secondary procedure below, it shows how to
make a scooter that a child can lie down on and do ver-
tical (up facing) tasks.

If you want to make a space
scooter, these materials will be
needed:  Go to a home repair cen-
ter and get four caster wheels that
have screw holes.  You’ll need a
few screws to attach the wheels.
The foam pipe insulation tubing is
used to make a protective border
and the adhesive is to hold the
foam to the board. Finally, check
with lumber departments and
often times you can get a scrap of
wood that measures about one
foot by two feet long.  This makes
a scooter that is just about right
for K-5 children.
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PROCEDURE
A teacher can simulate microgravity to some degree in

the classroom.  Itʼs done by having the student stand on a
“scooter,” that has four wheels that easily move in any direc-
tion, and then try to perform a task such as tightening a
screw in a board that is attached to a chair, or wall, or what-
ever.  The scooter will turn and itʼs sometimes very difficult to
get any kind of work accomplished due to the lack of resist-
ance.  

A child can also try to perform a task while lying on their
back.  If tightening a screw into a board while facing up-
ward, the scooter will rotate.   Both of these scooters are
fun and they can generate some lively discussions. 

Have students (in groups) design their own experiment
using the space scooter.  Have them use the scientific
method and be sure to include how their experiment would
be different in microgravity. 

The wheels are mounted at all four
corners with screws.

The foam pipe insulation is fitted
and cut to the proper length.

Using a household glue, the foam is
attached to the edges of board

This is what it looks like completed.  If you
can get the wood free, the cost will be less
than $5.00. If you make it half this size, it will
be quite comparable to the $20 tub walker in
performance.

A common tub
walker takes on a
new role as “space
scooter.”
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activity twenty

NATIONAL STANDARDS

Science Standards:
Standard A:  Science as Inquiry

• Understanding about scientific inquiry
Standard B:  Physical Science

• Position and motion of objects
Standard E:  Science and Technology

• Abilities of technological design
Unifying Concepts and Processes

• Evidence, models, and explanation
Technology Standards:

• Understanding of the attributes of design.
• Understanding of engineering design.
• Apply the design process.

SECONDARY OBJECTIVE – To introduce teach-
ers, students and parents to a very simple launch

system that is nothing more than a flowerpot, some
insulated wire, two clips and a battery.  Talk about
easy, that is why we call this activity “E-Z One!”

E-Z One —
For Elementary 3-5 Students

Building Your First Solid Fuel Rocket, The Estes Gnome
OBJECTIVE – The primary objective 

is to build a simple, yet successful 
rocket that will demonstrate through 
use of  a model, how a rocket works.
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In this photograph, you can see how
the front ring and back fins are
aligned by the launch rod.  This is an
important step because the rocket
will take off from the launch rod and
lugs have to be in alignment.

Once aligned, the upper launch lug
ring can be hot-glued into position.

The streamer is now taped to the shock cord using masking tape.
The shock cord, streamer and nose cone are now ready to be inserted into the body
tube.  When it comes time to launch, you must stuff “recovery wading” into the body
tube before these parts are inserted.  During flight, the model rocket motor will burn
a charge inside the rocket body.  This creates a pressure that blows out the nose
cone and streamer.  Once the streamer hits the air, it will flop around and slow the
descent of the model rocket back to Earth.  

First things first!  Using the ruler in
the instructions, mark the rocket
body

Estes says to use a hobby knife, but
some schools won’t allow the some-
times dangerous “X-Acto” knives.
Snap knives do the same job, of cut-
ting the rocket body tube, and can be
safely put away when the task is com-
plete.  It is recommended that teachers
review the coverage of snap knives in
the Wing Tips section of this booklet.

One of the reasons why this kit was se-
lected as a good “starter” is the fin set, or
“unit” as they are called in the instruc-
tions.  The fin unit is pre-made and ready
to slide on the body tube.  In more ad-
vanced kits, the fins have to be mounted
and aligned separately.  The fin unit can,
by the way, be hot-glued to the body
tube.

Although the instructions call for
plastic model cement, which some
schools won’t allow, hot glue will
bond parts like the nose cone and
nose cone insert.  

This is the shock cord and will be at-
tached to a streamer (for recovery) and
the nose cone.  A cut has to be made in
front of the body tube and the cord is
pushed through.  Once it’s in position,
the “upper launch lug shock cord anchor
ring” is hot glued around the opening. 

MATERIALS 

The Estes Gnome rocket
is an excellent starter for 
a teacher who has never
experienced model 
rocketry.
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This is what your completed rocket will look
like.  It’s easy and quick to build!

E-Z ONE (THE ESTES GNOME)

Rocketeer ______________________________________________________    Date ___________________________

Record each class member and how successful each rocket is.  What caused it to reach the height it did?

Rocketeerʼs Name Describe the rocket launch
(height, direction, recovery)

Why did this rocket 
behave as it did?

Suggested Changes/
Improvements
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activity twenty-one

Space Junk — 
Fun Rockets Made 

From Household Discards!
OBJECTIVE – Using only common household items, the 
objective is to create a rocket that has a propulsion system.

“Rocket Junk” includes filing folders, meat trays, drinking cups, rubber bands, pipe foam insulation, Styro-
foam™ Easter eggs, film cans, toilet paper cylinders, paper towel cylinders, white glue and index cards.  Look
closely, there’s some rockets in this picture, just waiting to be built and launched!!

AEX I Vol I REBUILD:Layout 1  1/21/10  1:16 PM  Page 86



87

NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
• Abilities necessary to do scientific inquiry
• Understanding about scientific inquiry

Standard B:  Physical Science
• Position and motion of objects

Standard E:  Science and Technology
• Abilities of technological design

Unifying Concepts and Processes
• Evidence, models, and explanation
• Form and function

Technology Standards:
• Understanding of the attributes of design.
• Understanding of engineering design.
• Understanding of the role of troubleshoot-

ing, research and development, invention
and innovation, and experimentation in
problem solving.

• Apply the design process.

PROCEDURE
The author is going to show you an example—itʼs called

the “TP Torpedo!”  It is made from  a toilet paper cylinder, a
drinking cup, one rubber band, a drinking straw and the fins
are made from index cards.  In test flights, this “junk rocket”
went more than 60 feet!  Not a bad performance for a freebie!

a. The “Junk” part of this activity is a cylinder from a roll of toi-
let paper although cylinders from paper towels, or even
folded paper tubes, work!

b. The “propulsion” mechanism will be a rubber band
that is secured inside a drinking cup.

c. The drinking cup will be attached to the top of the toilet
paper cylinder.

d. Fins are made of index cards and attached to the toilet
paper cylinder.

e. To launch this rocket, the builder simply puts one thumb in
the tail pipe of the cylinder, stretches the rubber band with
the other and lets go.  

MATERIALS 

This is the challenge:  
the builder can only use
common household paper,
foam and plastic items.
There can be no fire or ex-
plosions.   

The very tip is cut off of a cone-
shaped drinking cup as shown.

A piece of soda straw is bent over and
taped to a rubber band.

The cone is now cut so that it fits the
top of the toilet paper cylinder.  

Small tabs cut into the cup allow it to
be taped to the cylinder

Fins made of index cards are taped to the cylinder—voila, a Junk Rocket!  (We nick-
named ours the “T.P. Torpedo!)

The rubber band is drawn through the
hole in the cup.  To keep the rubber band
and straw from pulling through the hole,
it is recommended that you hot glue both
of these to the inside of the cup.
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SCIENTIFIC METHOD AND SPACE JUNK ROCKET

Name ________________________________________________________ Date ____________________________

Describe your design for a rocket and its performance according to the scientific method.

1.  State the problem: _____________________________________________________________________________

______________________________________________________________________________________________

2.  Describe your hypothesis or plan of action: __________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

3.  Materials required: ____________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

4.  Procedure (what did you do – step by step): _________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

5.  Graph your test results (make sure you do at least 10 test flights and record any changes and distance traveled.)  

Data Chart below:

Test # Change Made Distance Traveled

1

2

3

4

5

6

7

8

9

10

6.  Conclusion: (Explain how your rocket worked and why) ________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________
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