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In the last two years of his career as a Littleton, Colorado, high school teacher, author Dr. Ben
Millspaugh and eight students built this Fisher Classic biplane as part of an advanced aerospace pro-
gram.  This was the ultimate “hands-on” project.  There was no instruction manual, only blueprints,
and students had to create many of the parts from raw aircraft grade materials.  Before covering it
with fabric, the airframe was inspected by an examiner of the Federal Aviation Administration and the
experience gave students a glimpse into the “real world” of aircraft manufacturing.  It passed with “fly-
ing colors” and on the second day of March 1992, the little biplane, nicknamed “A Class Act,” took to
the skies over Greeley, Colorado.  Many of the building techniques and materials used in the Class
Act project have been featured in the AEX  booklet.  The author wishes each and everyone success
in “trying and flying” the activities featured in this publication.    
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Aerospace Education—Exactly What Is It?

Introduction

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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Milestones in Aerospace

• Man’s first flight with kites occurred in1299 (AD), when
Marco Polo witnessed the Chinese using manned-kites
for military observations.

• The Chinese are also given credit for developing solid
fuel rockets.  This type of rocket launches the Space
Shuttle today.

• The great works of Leonardo daVinci provide a visionary
basis for future aviation. Although the technology of his
lifetime would not allow their construction, he designed a
parachute, a helicopter and a flapping wing ornithopter.

• Daniel Bernoulli and Sir Isaac Newton developed scien-
tific 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 broth-
ers, Joseph and Etienne Montgolfier, in Paris, France.

• The first successful glider is credited to Englishman, Sir
George Cayley. His primitive glider had a wing, a fin, and
a horizontal stabilizer attached to a stick fuselage.  This
happened around 1812.

• Otto Lilienthal was the first to build and fly a glider with
true control.  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.

• After thorough flight tests, the Wright brothers built their
own engine and achieved the first controlled, sustained
and powered flight. This occurred on the 17th of Decem-
ber 1903.  The craft rose 12 feet in altitude, went 120 feet
in distance, and flew for 12 seconds.

• Ms. Harriet Quimby was a very brave young woman who
became the first American female (2nd in the world by
just a few days) to attain an internationally-recognized
pilot’s license.  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 ei-
ther gender, to obtain an internationally-recognized pilot’s
license.  She was a role model heroine in her own time
and was tragically killed in an airshow accident.

• 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.

• 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.

• Ameila Earhart helped establish a place for women in the
world of aviation. She did this by her pioneering achieve-
ments and world records.

• 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 important.

• The next step was our first aerospace plane. It was
known as the X-15 and was test flown by aerospace pio-
neer, A. Scott Crossfield.  He is considered by many avia-
tion/space authorities to be America’s first true astronaut.
The X-15 routinely flew up and back from the edge of
space.

• 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 accomplished 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 de-
veloped to cut the cost of taking cargo into orbit and re-
turning 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 program has brought us closer to a being a
human race of “one people.”

• The International Space Station will be our “stepping
stone” to the stars.  Incredible new technology will be de-
veloped as a result of the scientific work planned under
the microgravity conditions of space.  

STUDENTS/CADETS SHOULD BE INTRODUCED TO THE FOLLOWING BASIC FACTS;
ENCOURAGING FURTHER INVESTIGATION:
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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!  

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. 

5. Wooden Coffee Stirring
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 tech-
nology” 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.  It can be purchased
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 tubing
is 14 inches long.  This means you
can then get 4 rocket
“bodies” per length.  The
only problem with this tub-
ing is you can’t put hot
glue directly on it.  Hot
glue will damage the foam.  

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.

4. Cable Ties – These little gadgets
have been around for a long 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 work.) 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. 
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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.  

8. Wooden Paint Stirring
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 excellent sanding
sticks for shaping foam.  

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. 

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! 

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!  

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
it is almost invisible.  This
makes some models look
like they are flying near the
ceiling of your room. 

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!  
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17. The Right Rubber Band
– For most foam and
glider launches, it is
recommended that
builders use #64 size
rubber bands.
These can be pur-
chased in packages
of 100 or more at of-
fice supply stores.

19. 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 techni-
cian or someone who
knows the electrical sys-
tem before starting a project
that requires the use of hot
glue guns.  

21. 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.

16. Plastic Templates – If you can get an engraving
company to cut out the airplane figure and punch it
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 distrib-
uted to each student.
This saves time and
gets students on task
immediately. 

18. 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.  

22. 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. For best re-
sults, use the punch
and pull technique.
This is done by
punching the knife
into the foam and
pulling the blade to-
ward you.

20. Types of Adhesives  – Most everyone is familiar
with white glues like Elmer’s™.  These have very lim-
ited application in aerospace projects because of the
drying time.  Whenever possible, hot glue is recom-
mended because it works best on most projects.  For
plastic models, look for the words “plastic model ce-
ment” on the side of a tube.  These glues have a sub-
stance that melts the plastic and bonds the parts when
they are slightly gooey.  Although a little tricky to work
with, CA or “Super Glues” are excellent; however, the
CA glues are not recommended for younger children
and should involve safety briefing for older students

and cadets before using.  There is a
new generation of spray glues.  In all
cases, it  is recommended that teach-
ers and AEOs consult a hobbyist, or

hobby shop staff members
about adhesives.  These

people usually have
a wealth of
knowledge
when it comes
to the latest
technology. 

Wing Techniques
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23. Technique Charlie – When cutting foam packaging
trays, the best method is to cut on the bottom side.  This
keeps students from cutting the table.   To make “double
sure” that students 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

25. Technique Echo–
When building foam
projects, like the God-
dard Rocket or the SR-
71, always remember
to apply hot glue only
to the meat tray parts,
not to the pipe foam
tubing.

26. Technique Foxtrot – Do not
apply hot glue to the pipe insu-
lation 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 Hotel – 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! 

27. Technique Golf – To keep hot glue guns from
damaging a table top, it is recommended that they be
placed in foam meat trays, on cardboard, or paper
plate during use.
Glue guns will
often leak glue and
setting them on a
meat tray keeps
the hot “ooze” from
damaging a table-
top.

29. Technique India – 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. 

24. Technique Delta  – 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. Stress
safety when using
sharp objects such
as snap knifes.

32. 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. 

30. Technique Juliet – To avoid a mess, when sand-
ing either foam or plastic, water can be used to carry
away sanding particles.  Make sure, before you or the
students do this, that you use a block or paper that is
made for water sanding.  If there is a doubt, try it first.
This is an ex-
cellent way to
sand meat tray
foam so that it
has an airfoil
shape. 
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activity one

The Goddard Rocket 
OBJECTIVE – To introduce students to the man who pioneered liquid-pro-

pelled, controlled rocket flight and to build an inexpensive flying model of
his 1931 rocket.

Goddard rocket model complete and ready to fly!

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.
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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 de-
signed 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.

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.
Notice 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.

NATIONAL STANDARDS
Science Standards:

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

Standard B:  Physical Science
• Motion and forces

Standard E:  Science and Technology
• Abilities of technological design

Standard G:  History and Nature of Science
• History of Science

Unifying Concepts and Processes
• Evidence, models, and explanation

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

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

PROCEDURE
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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.

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.   

TESTING AND MODIFYING THE GODDARD ROCKET

Consider different variables that could affect the flight of your rocket such as weather (humid vs. dry), weight, angle of
arc, stretch of rubber band, etc.  Record the conditions for flight #1 and change one variable several times.  Record 
the distance your rocket traveled and any problems you encountered with your tests.  Compare your results with a 
partnerʼs results.  The chart provided may be used or construct one of your own. 

Name _______________________________________________    Rocket Serial # ________________________

Flight Weight Rubber Band Angle of Weather Results
Stretch Distance Launch Arc Conditions (Distance Traveled

(Relative humidity, and any
wind speed, etc.) comments)

1

2

3

4

5

Jean Cesarone, 
Aerospace Teacher of The Year

Aerospace Education Foundation, AFA
Rocky Mountain Region

Ms. Jean Cesarone,
proudly shows one of the
rockets she built in her Aero-
space Education program at
Montbello High School, Den-
ver, Colorado.  Ms. Cesarone
is an Aerospace Education
Member (AEM) of the Civil Air
Patrol and is also AEO for the
Rocky Mountain Cadet
Squadron.  

In the program called
“Women As Role Models In Aerospace.” Jean  played the role
of Harriet Quimby in the 24h Annual Aerospace Education
Symposium at  the U.S. Air Force Academy. She was given a
standing ovation for her performance. Ms. Cesarone is recog-
nized as one of the finest aerospace educators in the United
States and she uses the Goddard Rocket as one of the many
hands-on activities in her Aerospace program at Montbello!  

Congratulations to Jean for her outstanding work in aero-
space education. 

Dr. Robert H. Goddard, the
American whose pioneer
research led to the German
development of the first in-
tercontinental rocket.
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FIN TEMPLATE VERSION GODDARD ROCKETʼS LIQUID FUELED ROCKET

Fin placement guide - Wrap this guide around the 3/4” pipe foam tube a little more than 3 inches from the rock-
etsʼs tail pipe. The two ends should meet at the seam. Put a small piece of tape on this guide to hold it in place. Hot
glue one rocket fin to the seam of the foam tube. The arrows show where the other two fins will then be mounted.
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activity two
Exploring Aeronautics — 
The Aerospace Software 

That Teaches
OBJECTIVE – To give teachers and AEOs software 

that gives students the basics of flight.

NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Standard B:  Physical Science

• Motions and forces
Standard E:  Science and Technology

• Abilities of technological design
• Understandings about science and technology

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

Unifying Concepts and Processes
• Evidence, models, and explanation

• Form and function
Technology Standards:

3.   Understanding of the relationships among
technologies and the connections between
technology and other fields of study.

7. Understanding of the influence of technol-
ogy on history.

8.   Understanding of the attributes of design.
11. Ability to apply the design process.
17. Understanding of and the ability to select

and use information and communication
technologies.
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MATERIALS 
The CD can be ordered from NASA CORE at
1.866.776..2673 or go online at http://education.nasa.gov/
edprograms/core/home/index.html

PROCEDURE
This software may be installed in MacIntosh™ 68030

or better with at least 8MB of RAM, QuickTime™, a
640x480 display, 256 colors and 2X CD-ROM.  For PC
users, you will need Windows 3.1, 95 or higher, 486 or
better, 8 MB RAM, QuickTime™ for Windows 2.1.2,
640x480 display, 256 colors and 2X CD-ROM.   To install,
follow the instructions on the CD jacket that comes with
the software.

FEATURES
The CD features the following:  (1) How An Airplane

Flies: lift, four forces, movement, control surfaces, aircraft
parts, and wing shape. (2) The Tools of Aeronautics: com-
putational fluid dynamics, wind tunnels, flight simulations,
and flight tests. (3) Different Types of Wings: sweepback,
forward-sweep, straight, oblique, swing, and delta config-
urations. (4) Resource Center: book/web sites, list, glos-
sary, and timeline. (5) Activity Center: lift and drag
experiments. (6) Print Materials: student logbook,
teacherʼs guide with science unit, literature unit, and cur-
riculum integration with aeronautics. For updates and
more information, visit: http://www.nasa.gov.

BACKGROUND 
“Exploring Aeronautics is designed for classroom use

in grades 5-8.  This exciting educational CD-ROM offers
an introduction to aeronautics, covers the fundamentals
of flight, contains a historical timeline, examines different
types of aircraft, and teaches students to use the tools of
aeronautics used by researchers to test aircraft designs.
This teacher-paced software includes lively animations,

QuickTime™ movies, and student activities promoting the
use of the scientific method in the world of aeronautics.”
This computer-based activity was picked because (1) it is
affordable; (2) it works on just about any school computer
system; (3) the material is up-to-date and an excellent
basis for continued study.  
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activity three

The Fizzy Flyer
OBJECTIVE – This is designed to be an entry-level aerospace education les-

son. 
It is a rocket that is incredibly easy to build, incredibly cheap to operate, 

and incredibly fun for children.

The famous AlkaFuji paper rocket – a “Fizzy Flyer”
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NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Standard B:  Physical Science

• Motions and forces
Standard E:  Science and Technology

• Abilities of technological design
• Understandings about science and

technology
Unifying Concepts and Processes

• Evidence, models, and explanation
Technology Standards:

8. Understanding of the attributes of design
10. Understanding of the role of trouble

shooting, research and development, in-
vention and innovation, and experimen-
tation in problem solving.

11. Ability to apply the design process.

BACKGROUND 
Art Kimura, a nationally recognized aerospace ed-

ucator from the Big Island of Hawaiʼi, said that this
rocket was born in a hotel room during a teacher con-
ference in his state.  Apparently someone mentioned
that an Alka Seltzer™ and water, combined inside a
film can, would cause the top to pop off.  That is when
Gregory Vogt, an educational specialist for NASA
came up with the idea of making a paper rocket using
the film can, water and an Alka Seltzer for a source of
thrust.  Congratulations Greg, you created a classic!

This outstanding activity illustrates Newtonʼs Laws
of Motion.  The rocket lifts off because it is acted upon
by an unbalanced force (First Law).  This is the force
produced when the lid blows off by the gas formed in
the canister.  The rocket travels upward with a force
that is equal and opposite to the downward force pro-
pelling water, gas, and lid (Third Law).  The amount of
force is directly proportional to the mass of water and
gas expelled from the canister and how fast it acceler-
ates (Second Law).  

A good resource to visually show the three laws in
a simple to understand format is NASAʼs videotape
entitled Episode 3:  Newton in Space from the “Liftoff
to Learning” series.  This video and others can be or-
dered from NASAʼs CORE catalog from http://educa-
tion.nasa.gov/edprograms/core/home/index.html .

How this relates to a real rocket: In a rocket, an
unbalanced force must be exerted for a rocket to lift
off from a launch pad or for a spacecraft to change di-
rection or speed. (First Law).  The amount of thrust
(force) produced by a rocket engine will be deter-
mined by the rate at which the mass of the rocket fuel
burns and the speed of the gas escaping the rocket.
(Second Law).  The reaction, or motion, of the rocket
is equal to and in the opposite direction of the action,
or thrust, from the engine. (Third Law).

MATERIALS 
1. Scissors, tape
2. Fuji film cannister (with lid that snaps inside the container)
3. 4” x 4” paper, 
4. Alka Seltzer
5. cone drinking cup

PROCEDURE
This software may be installed in MacIntosh™ 68030 or

better with at least 8MB of RAM, QuickTime™, a 640x480
display, 256 colors and 2X CD-ROM.  For PC users, you will
need Windows 3.1, 95 or higher, 486 or better, 8 MB RAM,
QuickTime™ for Windows 2.1.2, 640x480 display, 256 colors
and 2X CD-ROM.   To install, follow the instructions on the
CD jacket that comes with the software.
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Would you believe that this is all it
takes to build a powered rocket?  
Read on!

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
damage 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 tubu-
lar body (with the tabs inserted in-
side the rocket body.)

The principle is the same... Action = Reaction

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.

The “fuel” is now loaded.  It usually 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.
Countdowns are fun, but it’s a little difficult to tell when
the rocket is going to take off.  But that’s part of the
excitement. NOTICE THAT THE FILM CANNISTER SHOULD
HAVE A LID THAT FITS INSIDE THE CANNISTER, NOT OVER
THE OUTSIDE OF THE CANNISTER!! 
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AlkaFuji Rocket Observation Sheet

Name ____________________________________________  Date_____________________________

1. Describe what happens to make the rocket take off? ____________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________

2. After the 1st launch, what results did you observe? ________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________

3. What would you change about your rocket to get greater height? ____________________________
________________________________________________________________________________________________
________________________________________________________________________________________________

4. Try one of your changes and record the results. ________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________

5. Tell how this model relates to a real rocket. ____________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________

6. Discuss Newtonʼs Laws of Motion in relation to your rocket. _______________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________

7.Experiment with different shapes attached to your power source to see if another design would work better.

8.Experiment with proportion of Alka Seltzer to water in achieving maximum height.
(Test only one variable at a time.)

Experiment # Variable #1 Variable #2 Height of rocket
(Amount of Alka Seltzer) (Amount of water)

1 ¼ tablet _______ml

2 ½ tablet _______ml

3 ¾ tablet _______ml

4 1 tablet _______ml

Figure percentage of best combination.

9.  (EXTRA:  Try building a rocket powered by two, three, or more rockets.  Take into consideration the results of the initial tests.

23
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activity four

ROCKET GOLF
OBJECTIVE – To give teachers and CAP AEOs  a great physical activity 

that combines model rocketry and the game of golf.  

BACKGROUND 
The author was conducting a teacher workshop in the city of
Missoula, Montana and two participants were physical education
instructors.  After building the Goddard rocket, one of the teach-
ers said, “this is fun and all, but we could never use something
like this in PE.”  In a flash of “temporary genius,” the author said,
“what about rocket golf?”  Inspiration for this “moment” came
from watching a Frisbee™ golf tournament featured several
weeks earlier on a television special.  Hey, this is fun!

NATIONAL STANDARDS
Science Standards:

Standard B: Physical Education
• Motions and forces

Standard E: Science and Technology 
• Abilities of technological design
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MATERIALS 
Goddard rocket and an
outdoor space.
Refer back to Activity
One, the Goddard
rocket. 

PROCEDURE
1. Build a Goddard Rocket
2. Have cadets go outside and pick a spot for the tee off. 
3. Select a series of “holes” and determine par values (how many rocket launches it should

take to reach each hole.) This could include a tree, a flagpole, an old truck, etc. When
ready, call out loudly, “fore.”  Everyone launches his or her rocket.

4. All players stop at their rocket landing site and await the next “fore” call, at which time, they
launch rockets again toward the first “hole.” 

5. After everyone has made it to the first “hole,” scores are recorded. Follow the same proce-
dure for each “hole.”

6. The cadet with the lowest score at the end of all “holes” wins! 

Hole 1 2 3 4 5 6 7 8 9            Total

Par

Hole 1 2 3 4 5 6 7 8 9            Total

Par

Hole 1 2 3 4 5 6 7 8 9            Total

Par

Hole 1 2 3 4 5 6 7 8 9            Total

Par
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Junk Rockets — 
Go where no mind has gone before!!

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

This is the challenge:
the builder can only
use common house-
hold paper, foam and
plastic items.  There
can be no fire or explo-
sions.  

NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Standard B:  Physical Science

• Motions and forces
Standard E:  Science and Technology

• Abilities of technological design
• Understandings about science and technology

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

Unifying Concepts and Processes:
• Evidence, models, and explanation

Technology Standards:
8.    Understanding of the attributes of design.
10.  Understanding of the role of troubleshooting,

research and development, invention and in-
novation, and experimentation in problem solv-
ing.

11. Ability to apply the design process.

activity five

MATERIALS 
Your “junk” includes filing folders, meat trays, drinking
cups, rubber bands, pipe foam insulation, Styrofoam™
Easter eggs, film cans, toilet paper cylinders, paper 
towel cylinders, white glue and index cards.  Can you
build a great rocket from these materials?
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The very tip is cut off of a cone-shaped drink-
ing cup as shown.

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

The rubber band is drawn through the hole in
the cup.  A glob of hot glue holds the rubber
band and soda straw in place.

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 t.p. cylinder

Fins made of index cards are taped to the
cylinder—voila, “ T.P. Torpedo,” a Junk
Rocket!

PROCEDURE
1. Collect materials for junk rockets such as:  fuselage

(pipe foam insulation, cardboard cylinders, construc-
tion paper, film cans), nosecone (funnel-shaped paper
drinking cup, construction paper, Styrofoam eggs,
etc.), propulsion system (different sized rubber bands),
and fins (3x5 cards, foam meat tray, cardboard, etc.)

2. Work in cooperative groups.
3. Provide each group with some standard construction

materials:  scissors, tape, markers
4. Each group should come up with a plan to build a junk

rocket – (what materials will be needed, how they will
construct and test their junk rocket)

5. One group will then approach the “supplier” (teacher or
another student) and purchase the required items.
(Each component will have a cost attached) and the
junk rocket company purchasing the supplies will sub-
mit a cost sheet to the teacher.

6. The rockets are then built and tested before each team
presents their project to the group for evaluation.

THE TP TORPEDO!
Here is 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 “TP” part of this activity is a cylinder from a roll of
toilet paper.

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

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 rub-
ber band with the other and lets go.  
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activity six

Back To The Basics —
Paper Airplanes

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

BACKGROUND 
There are at least three significant historical ex-

amples of how paper was used in early experimen-
tations with flight: (1) the Japanese and Chinese
were both known to use paper for the construction
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 suc-
cessful, man-carrying hot air balloon. (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 that had the
shape of modern aircraft. The models had wings, a
stick fuselage and stabilizers on the tail. George
Cayley lived in the early 19th Century and his glid-
ers were created around 1812.

NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Standard B:  Physical Science

• Motions and forces
Standard E:  Science and Technology

• Abilities of technological design
• Understanding about science and technology

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

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

Technology Standards:
8. Understanding of the attributes of design.
10. Understanding of the role of troubleshooting, research

and development, invention and innovation, and experi-
mentation in problem solving.

11. Ability to apply the design process.
MATERIALS
1. Sheet of paper
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To make a traditional delta-wing
paper airplane, the first fold is
longwise.  Some teachers call this
“folding it like a hot dog bun.”

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

The same fold is made on the op-
posite side. 

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

The next fold is to bring the outer
edge to the center as shown.  Refer
to the illustration 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.

The author recommends that
teachers instruct students to
“fold the upper edge down to the
lower edge.”  By matching the
two edges, a perfect wing will be
created. As before, use the illus-
tration as a guide on this critical
fold.

Tape, either masking or Scotch™
brand, can be used to hold the
model together and to add a little
weight to the nose.

The 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 surfaces.

To make the model safer, it is rec-
ommended 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.

Great ideas often start on a plain sheet of paper

PROCEDURE
1. There are “jillions” of dif-

ferent ways to fold a paper
airplane. It is recom-
mended that teachers,
squadron AEOs and stu-
dents visit local libraries,
or commercial bookstores,
to find publications on the
subject. 

2. It is also recommended
that teachers, AEOs, stu-
dents and cadets look for
designs on the Internet.
There are several web
sites that feature outstand-
ing creations.

3. Test different variables of
paper airplane flight (nose
weight, angle of throw,
speed of throw, setting of
elevons, etc.) with the de-
sirable outcome being the
longest flight possible.
(Test one variable at a
time or each group of stu-
dents/cadets could test a
different variable. After
testing is done, groups
can share data with
class/squadron and graph
results.)

4. A table similar to the one
on the next page may be
used to collect data.

A Real Hands-On Lesson  
At this point, the author is
going to show how he
would conduct a lesson on
aerodynamics using a
paper airplane as a “hands-
on” activity.  The author
starts out by emphasizing
the point that a paper air-
plane is a real “flying ma-
chine.”   This means that it
uses the energy of the at-
mosphere to provide lift and
control. Depending upon
the teacherʼs background, a
significant amount of math-
ematics can be introduced
with geometry, algebraic
formulae and even com-
puter models for predicted
flight profiles.
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A PAPER AIRPLANE LESSON AS TAUGHT BY AN AEROSPACE EDUCATOR

A PAPER AIRPLANE LESSON AS TAUGHT BY AN AEROSPACE EDUCATOR

a. “The paper airplane is a flying machine.  Because it
has wings and a fuselage, it uses the energy of the air
to provide lift.  The model has a delta wing (triangular)
configuration.

b. When small “elevons” are incorporated into the trailing
(aft) edge of each wing, its flight can be controlled.

c. In flight, the model becomes three-dimensional. The
paper airplane is no longer a “missile,” it is a machine
that uses the forces of the atmosphere to achieve flight
and changes in direction.

d. 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,” or
nose-up or nose-down.  The axis going through from
nose to tail is called the longitudinal. Movement around
this axis is known as “roll.” The axis going through the
paper airplane from top to bottom is the vertical.  Rota-
tion around this one is called “yaw.”  

e. 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.

f. 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 moving through the air.  This is a rotation around
the longitudinal axis.

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

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

i. When the model is launched, gravity starts to pull it
back to the Earth.  The aircraft will glide forward, liter-
ally “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 determined 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.  

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

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

l. 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 methods to correct the
model in flight.

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

Test # Describe variable tested Results (how long is flight?)

1

2

3

4

5

6

7

8

9

10

Have all students/cadets use the same paper airplane 
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activity seven

The Final Approach  
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,”
sitting in a chair, holding a joystick! Sound crazy? It works and it’s fun for
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NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Standard B:  Physical Science

• Motions and forces
Standard E:  Science and Technology

• Abilities of technological design
Technology Standards:

8.   Understand the attributes of design.
10. Understanding of the role of troubleshooting,

research and development, invention and inno-
vation, and experimentation in problem solving.

MATERIALS

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

2. Youʼll need two eye screws as shown in the photos. 

3. A broomstick or dowel rod about 2 feet long will be-
come your joystick. 

4. A strand of fish line about 30 feet in length 

5. Masking tape can be used to make a “runway” (1 foot
wide and 4 feet long in front of the chair.)

The materials for this activity include a toy airplane with strong
wheels, a broomstick cut to about 2 feet long and a length of
fish line.

The two eye screws, shown here, will
carry the model down the nylon fish line.

Mount two eye screws to carry the
model down the nylon fish line.

Attach nylon fish line to stick.

Back in the Seventies, a toy known as ”U FLY IT™,” was
produced by a company called Cootie Manufacturing.  This
activity was inspired by their “simulator.”  Hereʼs how it
works:  One end of a long piece (30 feet) of fish line is tied
to a wooden stick, like an old broom handle, thatʼs been cut
to a length of about 24 inches.  This becomes the “pilotʼs
joystick.”  The opposite end of the fish line is positioned so
that it is approximately 30 feet away and 10 feet higher than
the pilotʼs joystick.

A toy airplane, with two eye screws mounted on the top
of the fuselage, is positioned on the fish line and held there
by an assistant, until the pilot is ready.  

A “runway” made with masking tape or a piece of card-
board, is laid out on the floor ahead of the pilot.  When the
pilot gives the signal, the person 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 airplane.  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 overshoot the runway.   After a lit-
tle practice, the pilot learns how to “fly” the airplane and
make it land to a full stop on the runway!

BACKGROUND 

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

airplane  
2. The 30ʼ nylon cord 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, usually on a ladder, 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. 

The “pilot” sits in a chair, holding the
stick.  When the model is released, from

a point about 30 feet away, it slides down
the fish line and the pilot has to land it on

a “runway.” This runway can be made
from masking tape.  The object is not to

overshoot, or undershoot the runway.  
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TESTING

Construct an experiment adjusting one of the flight variables (mass of plane, movement of joystick, angle of string,
distribution of weight) to get the best landing possible.  Use a chart like the one below or construct your own to record
your experiment. 

Name _______________________________________________    

Flight # Mass of plane Joystick Angle of string Distribution Results 
(tautness of string) of weight (hit, miss long, 

or miss short)

1

2

3

4

5

Illustration showing hook-up is by Seth Stewart.
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Role Model Marta Bohn Meyer —
Construction of her 

Lockheed SR-71 Blackbird
OBJECTIVE – To give both male and female students an outstanding role

model and to construct the historic aircraft that was flown by role model,

MODEL OF MARTA’S BOHN MEYER’S SR-71
The SR-71 was originally designed to be a spy plane for the United States.  It was created by a team of engineers for the Lockheed Skunk Works, in Cal-
ifornia, and the director of the program was one of the greatest aircraft designers of all time, Kelly Johnson.  The Skunk Works produced an airplane
that flew at altitudes in excess of 100,000 feet and at speeds over Mach 3.2.  The SR-71 is 107.4 feet long and has a wingspan of 55.6 feet.  It is pow-
ered by two Pratt & Whitney J58 turbo ramjet engines and carries a two-person crew.

Retired in 1998.
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NATIONAL STANDARDS

Science Standards:
Standard A:  Science as Inquiry

Standard B:  Physical Science
• Motions and forces

Standard E:  Science and Technology
• Abilities of technological design

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

Technology Standards:
8. Understand the attributes of design.

MATERIALS

1. One 14” piece of pipe foam insulation

2. One template  

3. Two cable ties 

4. One snap-knife per student/cadet or team of two

5.  One #64 rubber band  

6. Paper drinking cups shaped like a cone

7. One hot glue gun with two extra glue sticks

Marta Bohn-Meyer* is currently the Director of the
NASA Dryden Flight Test Center in Edwards, California.
She is an outstanding pilot and in 1991, became the first
female crewmember assigned to the SR-71.

Throughout her career, Marta has worked on a num-
ber of different projects.  She began as an Operations
Engineer working for Drydenʼs F-104 aircraft.  After the F-
104 Starfighter assignment, Marta became an Operations
Engineer on the F-14 Variable Sweep Laminar Flow
Flight Experiment.  This project involved attaching an air-
foil shape over the wing of the F-14.  This shape, also
known as the “glove,” was designed with embedded sen-
sors and instruments that allowed engineers to gather
aerodynamic engineers to gather aerodynamic data
about the natural laminar airflow over the wing.

Of great importance to Marta at this point in her ca-
reer, was that she was also assigned as one of the two
flight test engineers. After nine years, Marta then became
the Project Manager for the highly successful F-16XL Su-
personic Laminar Flow Control project.  In 1991, she be-
came the first woman crewmember of the SR-71 and she
is the second woman in history to have flown past Mach
3 in the atmosphere.  

Martaʼs advice to young people is to be sure that they
go through life doing something they really want to do.
She advises people, “… find a hobby, and then turn it into
a profession if possible.  If that is not possible, keep the
hobby for personal growth.”  Outside of the workplace,
Marta enjoys building and flying aerobatic airplanes.  She

states that she “…enjoys building and con-
structing things.”  Marta also loves to read
and write in her spare time.  She enjoys giv-
ing back to the community by speaking at
local schools and teacher conferences
about her unique experiences in her aero-
space career.  

Marta hails from Long Island, New York,
and after high school, attended the Rensse-
laer Polytechnic Institute in Troy, New York.
She has a Bachelorʼs Degree in Aeronauti-
cal Engineering and, upon graduation,
Marta was hired by the NASA Dryden Cen-
ter as a junior engineer.

When asked about her career, she
states, “…itʼs my four rights:  right time, right
place, right enthusiasm and right qualifica-
tions.”  She credits her parents, mentors,
supervisors, and friends for helping manage
her “rights.”  In 2000, Marta was promoted
from Director of the Office of Safety and
Mission Assurance to Director of Operations
at the NASA DFTC. 

* Note: Marta Bohn-Meyer died while
practicing for 2005 U.S. National Aerobatic
Championships when the Giles 300 aero-
batic aircraft she was piloting crashed.

BACKGROUND 

Marta Bohn Meyer
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The wings and fins are cut from a
common meat tray.

A hot glue gun is used to bond wings
and fins to the pipe foam.

The 6 inch nacelles are hot glued to
the wing portion that has been in-
stalled on the body tube.

This image shows how the spikes are
set. This photograph also shows the
position of the wing and vertical fin to
the fuselage and nacelle.  The builder
of this model painted the spikes black. 

This is a very important step.  It is
recommended that a cable tie is
looped around a #64 rubber band
and pulled down to about this
length.  This portion of the rubber
band, with cable tie, will be stuffed
into the nose of the model.  

The rubber band-cable tie piece is
stuffed inside the nose. Another cable
tie is now wrapped around the nose
about 3/8ths inch back.  

The tail of the cable tie is carefully
snipped off so that absolutely no
sharp nylon remains.  A big blob of
hot glue is then put on the head of
the snipped cable tie.  This is a crit-
ical safety measure.  Cut nylon can
be very sharp and the hot glue blob
keeps it from hurting someone.

Our SR-71 Blackbird is autographed by the First Lady of Hypersonic
Flight, Martha Bohn-Meyer.

Marta holds an SR-71 that she built during the Aerospace Education
Symposium, U.S. Air Force Academy, October, 2000.  She was the fea-
tured guest speaker at this event. 

The fuselage (the body of the air-
plane exclusive of the wings and
tail assembly) and nacelles are
made from pipe insulation foam cut
to 6 inches each (2).

The wing “tips” are installed to the
outer edge of the nacelle tube
(Study the illustration to see how all
of these components are positioned
on the main fuselage body tube.)

The “spikes” are made from drink-
ing cups and hot glued inside of the
nacelles.  Experiment with the size
of the spike to get a press fit.

PROCEDURE
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SR-71 Fin Templates

The dashed lines
indicate where hot
glue is applied.

AEX II Vol I REBUILD_Layout 1  10/14/10  1:45 PM  Page 37



38

Even though the Goddard model used in Activity #1 is a rocket and the SR-71 is an airplane, these models are simi-
lar and can be compared as to performance.  Use the chart below or create your own.  You could even have ½ the
class/squadron build the Goddard model and ½ build the SR-71 and then work together to compare the performance
of the two.

Name____________________________________________________

Goddard model flight # Describe conditions for flight Describe launch specifications Results (Distance)

1

2

3

4

SR-71 model flight Describe conditions for flight Describe launch specifications Results (Distance)

1

2

3

4

Why did one model perform better than the other? _____________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

More information on the SR-71 can be found at http://www.nasa.gov/centers/dryden/news/FactSheets/FS-030-
DFRC.html and at http://www.hq.nasa.gov/office/pao/history/x-33/SR-71-faq.htm

The SR-71 
Construction Illustration

This illustration shows how all of the
pieces are to be placed. Use this as
a guide along wiht the how-to se-
quence of images.
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activity nine

X-43 – Hyper X —
A 21ST Century Aerospace Plane 

OBJECTIVE – To introduce students to America’s research with an “Aero-
space” 
vehicle. This will be a craft that can takeoff from the surface of the Earth, fly
into space and return.  As a future airliner, it could possibly be a realization
of the dream President Reagan had, in 1986, of the “Orient Express,” a plane
that could fly from New York to Tokyo in 2 hours. Using the 3-D views, have
students create their own Hyper X from paper, plastic, balsa, etc.
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NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Standard B:  Physical Science

• Motions and forces
Standard E:  Science and Technology

• Abilities of technological design
• Understandings about science and technology

Standard F: Science in Personal and Social Per-
spectives

• Science and technology in society
Unifying Concepts and Processes

• Evidence, models, and explanation
• Constancy, change, and measurement

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

The experimental hypersonic flight-research program,
called Hyper-X, is among the most significant projects un-
derway at the NASA Dryden Flight Research Center, Ed-
wards, California. This program involves research into
“air-breathing” engine technologies that promise to increase
payload capacity for future vehicles, including hypersonic
aircraft (Mach 5) and reusable space launchers.  

Vehicles powered by rocket engines need to mix fuel
with oxygen for thrust, both of which are traditionally carried
on board.  The X-43 will carry only its fuel, hydrogen, while
the oxygen will be taken from the atmosphere.  By eliminat-
ing the need to carry oxygen, future hypersonic vehicles will
have room for more payload.  

In the initial test stages, the X-43 was mounted to the
nose of a highly modified Pegasus rocket, which propelled it
to Mach 7.  Upon reaching this speed, the X-43ʼs “Scramjet”
engine was engaged. Scramjet is a word  meaning “ super-
sonic combustion ramjet.”  Ramjet engines have been
around for a long time and, unlike conventional jet engines,
can only operate at very high speeds.   They function by
adding fuel to a stream of air that is compressed by the for-
ward velocity of the aircraft itself.  When high-speed air is
compressed, it gets very hot and this will ignite fuel.  When
combustion occurs, the thrust is so high that it can propel
the aircraft to speeds near Mach 5.  The next up from a
ramjet is the scramjet. This is basically a ramjet engine in
which the airflow through the whole engine remains super-
sonic.  

The potential for a future aerospace plane is almost un-
limited.  NASA scientists theorize that speeds in excess of
Mach 10 are quite possible. 

BACKGROUND 

1. “Mach” is a term that honors the scientist, Ernst Mach
(1838-1916), who determined the speed of sound in the
air under standard conditions. The speed of sound in air
is about 761 miles per hour when the air temperature is
59°F.  If the ambient temperature is lowered to 30 F., the
speed of sound drops to approximately 692 miles per
hour.  In other terms, at sea level, the speed of sound is
1100 feet per second. 

2. The Concorde can cruise across the Atlantic at Mach 2.
3. The SR-71 can cruise slightly above Mach 3
4. Americaʼs first aerospace plane, the rocket-powered X-

15, reached Mach 6.7.
5. The X-43 is capable of reaching Mach 10
6. Yuri Gargarinʼs capsule reached Mach 25 during re-entry

back on April 12, 1961
7. The Space Shuttle travels Mach 25 during re-entry.
8. The Apollo lunar return capsules easily reached Mach 36

in space.  

(From Aerospace, The Journey of Flight, 2001, and “Two

Hours To Tokyo,” Popular Mechanics, July 2001, page 66)

Mach Talk:  

PROCEDURE
This activity is one where students and cadets get the op-
portunity to create their very own X-43.  This is similar to
the “Junk Rocket” activity only this time the student has a
three-d view illustration to go by.  The teacher can tell
students, “You know what the X-43 looks like, and itʼs up
to you to create one.”  Consider the following:

1. Students can make an X-43 out of Play-Dough™
2. Students can make an X-43 out of paper, filing folders,

tape or white glue.
3. Students can make an X-43 out of balsa.
4. Students can make an X-43 out of thick foam, like the

packaging thatʼs used to ship computers and other
electronic devices.

5. Students can make an X-43 out of sandwiched card-
board.

6. Students can make an X-43 out of modeling clay.
7. Students can make an X-43 out of paper maché.
8. Students can make an X-43 mobile.
9. Students can make an X-43 out of pipe foam tubing

using similar techniques to those used with the SR-71
activity.

10. Students can make the X-43 look like an airliner and
give presentations on how their airliner can fly from
New York to Tokyo in two hours—or even a “Cruise
Into Orbit.”

11. Students can even carve an X-43 out of soap!  The
possibilities are endless!  But it is fun!
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Students/cadets should present the model they created to the group and tell how their X-43 model differs from the Con-
corde.  Research should be done on each vehicle and the presentation can be done in several ways including verbally,
using graphic artwork, or performing a skit.  Collect information in a table and use this table to create the presentation:

Type of Appearance Speed Number Safety Passenger Other
vehicle of Passengers Features Accommodations

Concorde

X-43
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Lost On The Moon 
OBJECTIVE – This activity involves a thought problem for CAP cadets and

students.  It is a situation problem and the students/cadets pit 
their thinking skills against that of NASA experts.
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NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Standard D:  Earth and Space Science

• Structure of the Earth system
Standard E:  Science and Technology

• Abilities of technological design
• Understandings about science and technology

Standard F:  Science in Personal and Social Perspectives
• Populations, resources, and environments

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

Unifying Concepts and Processes
• Form and function

Technology Standards:
16. Understanding of and ability to select and use energy

and power technologies.
17. Understanding of and ability to select and use informa-

tion and communication technologies.
18. Understanding of and ability to select and use trans-

portation technologies

The situation goes like this:  Your spaceship shuttlecraft has just crash-landed on the dark side of the moon.  You were
scheduled to rendezvous with your mother ship 200 miles away on the lighted surface of the moon, but the rough landing
has destroyed your ship and ruined all but the 15 items listed in this problem.  

Since you are the commander, your crewʼs survival depends upon reaching the mother ship--you must choose the most
critical items available for the 200-mile trek across the moonʼs surface.  You must determine the “priority” of the survival items
and list them.  Back on Earth, NASA would have given you their priority, but no contact can be made.  The decision is yours.
How would your leadership skills compare to the NASA “home team?”

MATERIALS 
1. NASA Rank chart on following page         2. pencil or pen

BACKGROUND 

NASA ANSWER KEY

1. Hand out a copy of this problem to each stu-
dent/cadet or have students/cadets work to-
gether in teams to come to a consensus on the
rating of the items and associated reasoning.
(This would develop team-building and problem-
solving skills.) 

2. Explain the situation (and have a discussion of
conditions on the moon).  Then have them rank
the 15 items in their order of priority. 

3. After the students/cadets are done, start a dis-
cussion session and get them to justify their rea-
sons for ranking the items.

4. Then show the students/cadets the NASA rank-
ing numbers. From the NASA number, calculate
the “Error Points” for the individual. 

5. Next, do the Error Points for the group and see
how the class/squadron faired overall against
NASAʼs ranking of priorities. (Get an average
ranking for the group.)

PROCEDURE

After the students/cadets finish ranking the items, the NASA ranking “Key” may be presented to the students/cadets for
discussion. NASAʼs reasoning is also presented for students/cadets to ponder.  

NASAʼs RANKING NASA REASONS FOR SELECTION

15    Box of matches No oxygen to sustain the flame
4      Food concentrate Good food source, efficient
6      50ʼ of nylon rope Useful in scaling cliffs, tying together the injured
8      Parachute silk Will provide protection from sunʼs rays
13    Solar power heating unit Useless on dark side, not needed on lighted side
11    2, 45 caliber pistols Possible means of propulsion
12    One case of Pet Milk Bulky duplication of food concentrate
3      Stellar map Primary means of navigation 
1      2-100 lb.oxygen tanks Most pressing need
9      Self-inflating life raft CO2 bottle in raft may be used for propulsion
14    Magnetic compass Magnetic field on moon is not polarized-worthless
2      5 gallons of water Replacement for high water loss on lighted side
10    Signal flares Distress signal when mother ship is sighted
7      First aid kit containing injection needles For injecting vitamins--special aperture in suit
5      Solar powered FM transceiver Talk to mother ship, FM needs line of sight
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Items NASA Ranking Your Ranking Error Points Group Ranking Error Points

Box of 
Matches

Food Concentrate

50ʼ of nylon rope

Parachute 
Silk

Solar power 
heating unit

2-45 caliber 
pistols

One case 
of Pet Milk

Stellar Map

2-100 lb. 
oxygen tanks

Self-inflating 
life raft

Magnetic 
Compass

5 gallons 
of water

Signal flares

First aid kit containing 
injection needles

Solar powered 
FM transceiver

Totals

Name of your NASA Challenger Team:__________________________________________________

MISCELLANEOUS
This activity is a wonderful venture into priority thinking.  It could generate some excellent critical thinking skills if the

AEO/teacher would relate this to getting stranded in an “Earth-bound” snowstorm or if someone gets lost in a strange city.
It could be pointed out that one of the first steps toward alleviation of panic is to take command of the situation and start
establishing priorities for a solution.  The cross-correlation in this may be invaluable to students/cadets in the future.
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activity eleven

Cool Cartographics —
Aeronautical Charts

OBJECTIVE – This activity introduces students and cadets 
to the charts used by pilots in general aviation. 
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1. Instructor should run off one color copy of the sectional ex-
cerpt for each two students. The students can work in teams
of two, or three, and this cuts down on the color copy ex-
pense.

2. Instructor should make a color copy of the Legend on an
overhead transparency.  

3. The transparency can be shown on an overhead projector
during the activity.

4. Have students identify as many of the features as possible
in the time allotted for the session.

5. It is recommended that the teacher or AEO study the chart
several times before the session.

6. The next logical step is to invite a pilot or flight instructor in
to the class or squadron meeting to show students how to
plan a flight using dead reckoning. 

7. Another idea would be to try to obtain some old aeronautical
charts from an airport or pilot and cut them into 6” by 8”
pieces for students/cadets to use like a BINGO game.  Call
out some generic items that can be found on all charts and
have students/cadets locate them.  For example, say, “Lo-
cate a body of water” and if the student finds one, he/she
would shout “Carto” and show the location on his/her map.
Give the student/cadet a colored square of paper if the an-
swer is correct.  You might give a prize to the student with
the most correct answers at the end of the game. 

PROCEDURE
NATIONAL STANDARDS
Science Standards:

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

Unifying Concepts and Processes
• Evidence, models, and explanation

Technology Standards:
18. Understanding of and ability to select

and use transportation technologies.

In the early days of flight over land, pilots de-
pended upon landmarks to navigate from point to
point.  They flew by using railroads, rivers, roads and
towns as references and the “method” was known
as pilotage.  It was a simpler time, and a simpler
method, but it did work and much of the great pio-
neering in aviation was done by pilotage navigation. 

Pilots still use this method of flying from landmark
to landmark; however, maps are used in conjunction
with visual recognition.  Aeronautical charts were de-
veloped that had much greater detail than common
automobile road maps.  More often than not, roads
between towns were not straight and this meant that
pilots were not able to fly the most efficient course.
When aeronautical charts were developed, they in-
corporated features that were visible from the air and
allowed the pilot to fly straighter, faster, and more ef-
ficient courses. 

Three of the most important navigation chal-
lenges facing a pilot during flight is to create a
course, fly the airplane while trying to stay on the in-
tended course, and continually make position
checks to maintain the course.  This means that a
pilot must know how to read the chart so that he/she
can identify the landmarks, stay on course, and ar-
rive at the intended destination.  First steps first---
learn how to read the chart.

MATERIALS 

The instructor should make a color copy of the
excerpt shown on the second page of this ac-
tivity.  To keep costs to a minimum, it is recom-
mended that the instructor make a single color
copy of the legend on a transparency for over-
head projection.  

BACKGROUND 

A. The town of Hays, Kansas

B. A railroad track

C. Burdett Private Airport

D. Power lines

E. A National Wildlife Refuge 

F. The 99° Longitude line

G. The 39° Latitude line

H. An MOA (what is this?)

I. Class E Airspace

J. An obstruction below 1300 feet

K. The field elevation at Plainville Airport 

TRY THESE.  FIND
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activity twelve

49

Is Bernoulli’s Principle 
Worth Two Cents?

OBJECTIVE – The objective is to create an airfoil (a curved surface made to
be moved through the air to keep an aircraft up or control its movements)

out of a 
piece of file folder and then make it “fly” with a source of high velocity

wind.

A file folder, shaped like a wing, will fly when the wind of a hair dryer is directed toward it.  The lift is strong
enough to even lift a few pennies!  Is Bernoulli’s Principle worth two cents?  Fun to try!
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This is a fun way to teach Bernoulliʼs Principle.  Using a piece of file
folder, cut to the size of regular sheet of printer paper, and a hair dryer,
you can make a wing that will lift not only itʼs own weight, but the
weight of coins taped to the underside.  The high velocity wind blowing
over the airfoil-shaped folder, will accelerate. This causes the pressure
on top of the curved surface to drop, and this creates lift.  

In simplified terms, Bernoulli (an 18th century scientist and mathe-
matician) stated that a fluid in motion will have a pressure change
when its velocity increases.  In the example of our wing, air flows faster
over the upper curved surface. As the air going over the upper surface
accelerates, the pressure drops. The air on the underside, relative to
the upper surface, has a higher pressure. This difference in pressure
causes the wing to react by rising toward the area of lower pressure.  If
the air is flowing fast enough and the surface of the wing is curved
enough, it will fly!  Cool!

MATERIALS 
1. One, or more, filing folders cut to about the size of a sheet of paper
2. One hair dryer
3. Masking or Scotch-type tape
4. Two pennies

BACKGROUND 

1. Tape the file folder piece to the edge of a smooth table
2. Roll so that it eventually has the shape of an elongated

tear drop.
3. Point the hair dryer toward the leading edge and experi-

ment with wind flow.  
4. After a few tries, the “wing” will lift right off the table.
5. Next, tape a penny to the back of the underside of the

wing. 
6. Try the airflow again…and if youʼve done it correctly, it

will lift 2, sometimes 3, pennies. 

PROCEDURE

The secret to success is to keep working the file folder so that a perfect
wing is formed.  When the high velocity wind from a hair dryer (Lead
Photo) is blown at the leading edge, the rest of it will FLY!

Point the hair dryer toward the leading edge and experiment with wind flow.  Tape a penny to the back of the underside of the wing.

NATIONAL STANDARDS

Science Standards:
Standard A:  Science as Inquiry
Standard B:  Physical Science

• Motions and forces
Standard E:  Science and Technology

• Abilities of technological design
• Understandings about science

and technology
Standard G:  and Nature of Science

• Science as a human endeavor
• Nature of scientific knowledge

Unifying Concepts and Processes
• Evidence, models, and explana-

tion
• Form and function

Technology Standards:
Understanding of the role of society in
the development and use of technology.
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1. Blow through a straw between two ping-pong balls sus-
pended from the ceiling on strings.  Account for what
happens.  Before blowing, ask students about
Bernoulliʼs Principle and what they hypothesize should
happen.

2. Using a hair dryer (cool setting), suspend a ping-pong
ball in the airflow.  Tilt the blower until the ball falls.
Measure the angle.  Increase the speed of the hair dryer
from a low to a high setting and repeat.  Does the angle
at which the ball drops differ?  * For larger version, use
lawn leaf blower and beach ball.

3. Have each student hold two sheets of notebook paper
parallel to each other and about 2 inches apart.  Each
student should then blow between the two sheets of
paper.  Like magnets attracting each other, the two
pieces of paper will come together.  Bernoulliʼs Principle
is at work causing the 2 sheets of paper to come to-
gether because the increase in air speed between the 2
sheets of paper cause a decrease in the pressure.

4. Design your own example of Bernoulliʼs Principle and
demonstrate to the class, explaining what is happening.

Can you think of other examples of Bernoulliʼs Principle at work besides airplanes?
1. Racecars use airfoils, which create downward lift to increase traction (help the car stay on the road.)
2. Boating – a hydrofoil is a submerged wing attached beneath a boat.  As the boat picks up speed, the hydrofoil gener-

ates lift in the water in the same way a wing generates lift in the air.  The lifting force raises the boatʼs hull out of the
water, reducing drag and allowing the boat to move faster. A sailboat has a sail that acts like a wing, creating lift in a for-
ward direction like an airplane wing creates lift in an upward direction.

3. Pitching in baseball – curveball – when the baseball is given a spin as it is pitched, the rough surface of the ball causes
the layer of air near the rawhide to spin the ball.  This causes the relative velocity to be higher on the bottom and lower
on the top, which results in a higher pressure on the top and a lower pressure on the bottom.  This pressure deflects
the ball and makes it curve downward.

EXTRA BERNOULLI EXPERIMENTS:

Daniel Bernoulli (1700-1782) Courtesy of the Royal Society, London

This is the wing tip of a CAP Cessna.  The upper curvature of the wing is called the “camber.”
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activity thirteen

Moon Shot! —
A game to determine the relative size
and distances between earth and moon

OBJECTIVE – The student/cadet will explore the relationships 
between the Earth and our moon by comparing their relative sizes 

and by determining the distances between them.
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NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Standard D:  Earth and Space Science

• Structure of the earth system
Unifying Concepts and Processes

• Constancy, change, and measurement

MATERIALS 

1. You will need two spheres, like a basketball and a ten-
nis ball. The basketball is 10” and the tennis ball is
about 2.5” in diameter.

2. Youʼll also need a length of string, like kite string, at
least 25 feet long.

3. Masking tape is the final requirement.

BACKGROUND 
1. The Earth is about 4 times larger than its moon.
2. The diameter of the Earth is about 8,000 miles.
3. The diameter of the moon is about 2,000 miles.
4. The circumference of the Earth is about 25,000 miles.
5. The distance from the Earth to the moon is about

240,000 miles.
6. The circumference of the moon is about 7,000 miles.

DISCUSSION
1. The instructor should ask, “How far away is the moon?”

answer 240,000 miles
2. Then ask, “What is the circumference of the Earth?” an-

swer 25,000 miles
3. Next is, “What is the approximate diameter of the

Earth?” answer 4,000 miles
4. Finally, “What is the diameter of the moon?” answer

about 2,000 miles or ¼ the size of the Earth. 

From these answers, the instructor will ask, “Based on the
correct answers to the above questions, how many times
will the string go around the earth to equal the distance to
the moon?” Solution, divide 240,000 by 25,000 
answer is 9.5!

PROCEDURE
1. The demo area should be at least 30 feet long if

you plan to use the basketball and the tennis ball.

2. Have one student/cadet hold the basketball and
another hold the tennis ball.  

3. The instructor should state, “How far away would
the tennis ball be if both were in scale? Iʼm holding a piece
of string with the exact ʻdistanceʼ in scale terms. (hidden) I
want you to tell the person with the tennis ball when to
stop once you think he (or she) has reached the exact rel-
ative distance. ”Have the student/cadet holding the tennis
ball start by putting the “moon” up next to the basketball.
The “moon” student/cadet then slowly starts walking away
from the “Earth” student/cadet holding the basketball. The
instructor tells the “audience” to call out “stop!” when they
think the correct distance has been obtained.

4. Each time the “moon” student is told to stop, the
person issuing the command gets up and puts a piece of
masking tape on the floor where the “stop” was called.
Once the tape is placed, the initials of the student/cadet
calling the “stop” should be written on the tape.  

5. Once all of the audience has made their mark, the
instructor takes the correct length of string, previously
marked with a pen or marker, to the basketball.

6. The unmarked end of the string is carefully taped
to the basketball.

7. To increase the suspense, the instructor should
drop all but the marked end of the string to the floor.  Then
slowly proceed toward the “guess marks” on the floor.  

8. As the instructor passes the first mark, naturally
the student/cadet who made it will let out some kind of ex-
pression like, “oh, man....!”  The AEO/teacher should con-
tinue slowly while taking up the slack in the string.  

9. Once the AEO/teacher reaches the point where
the string is taut, the “moon” student is called to the scene.
The excitement will reach a fever pitch when the instructor
reads out the initials of the cadet/student who was closest
to the correct distance.

10. The instructor tells the audience/students, “If the
Earth were the size of this basketball, the tennis ball would
be this far away.”  

11. Going back to the basketball, the instructor should
wrap the string around its “equator” once and then mark it.
The AEO/teacher should then say, “...thatʼs 25,000 miles,
right?”  The instructor should do this nine times and then
state, “...thatʼs 225,000 miles.” The string should go
around one-half of the basketball one more time and then
the statement made,”...and thatʼs 240,000 miles!”

12. Some kind of reward should be given like a gift
certificate to a local fast food place to the winning stu-
dent/cadet.
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activity fourteen

Let’s Build The Air Force Academy 
TG-4A Glider /Sailplane

OBJECTIVE – The primary objective is for students/ cadets to build a flying
foam replica of the Air Force Academy’s TG-4A glider. The secondary objective

is to 
excite the imagination of CAP cadets/ students and to give them a goal of some 
day attending this great institution.  Glider training is one of several outstand-

ing 

U.S. Air Force Academy
past and present gliders 

TG-10 Glider

TG-4 Glider

Note: After 2002, the TG-4s
were replaced with the TG-10.
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NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Standard B:  Physical Science

• Motions and forces
Standard E: Science and Technology

• Abilities of technological design
• Understandings about science and 

technology
Standard G:  History and Nature of Science

• Science as a human endeavor
Unifying Concepts and Processes

• Evidence, models, and explanation
Technology Standards:

8. Understanding of the attributes of design
11. Ability to apply the design process

MATERIALS 

Again, the lowly foam meat tray comes into the picture.
Several people have asked, “….why meat trays, what
about balsa?”  The answer is simple: balsa is expensive.
The object is to get young aerospace enthusiasts  building
something that flies or is “aero-educational.”  For a
squadron/class of thirty cadets/students, this USAFA glider
could cost around $40 if built from balsa.  If the object is to
get everyone working on a flying model—and on a low
budget, you canʼt beat foam.   With this in mind, letʼs see
what we need to build this glider.

1. Two foam meat trays per student. The real USAF Acad-
emy glider is yellow so try and find yellow trays.  

2. A hot glue gun

3. A hobby knife

4. One penny for nose weight

5. Waxed paper

6. Coffee stirring sticks

BACKGROUND 
About the TG-4A:

The TG-4A is a conventional two-place tandem, basic
training glider/sailplane, manufactured by the Schweizer
Aircraft Corporation, Elmira, New York.  Its construction is
all metal with fabric covering the fuselage and tail sur-
faces.  It has a one-piece canopy for increased visibility.
The wings are tapered in the outboard section, and air-
brakes are incorporated. The model TG-4A is the same as
the civilian SGS 2-33 version, except for the rudder.  The
TG-4Aʼs rudder is taller and incorporates a balance weight
in the upper forward end, which overhangs the top of the
vertical stabilizer, or fin.  The dimensions are:  length—
25ft, 9 inches; Span—51ʼ; Height—9ft. 3-1/2 inches; Wing
area, 219.48 square feet; Aspect ratio—11.85:1. The maxi-
mum gross weight is 1040 pounds and the glide ratio is
23:1 (glide ratio of 23:1 means the glider will glide 23 times
as far forward as it will fall downward.  Glide ratio is for-
ward motion to downward motion or call it ground distance
covered to altitude lost.)

The glider has dual flight controls.  The flight control
surfaces are actuated by control sticks and rudder pedals
through a push rod and cable system.  Aileron and eleva-
tor control is accomplished through push rods connected
to both control sticks.  Rudder control is accomplished
through cables attached to both sets of rudder pedals.  

Spoilers, or “air brakes,” are installed primarily for glide-
path control.  They can also be used for rapid descents,
maintaining airspeed within limits, and to recover from
large slack-line situations while on tow.  The air brakes are
actuated through push rods, by handles located on the left
side of both cockpits.  

There is a red tow release knob located in the center at
the bottom of the front instrument panel and in the rear
cockpit on the left side of the top front seat bracket.    

All TG-4A aircraft are equipped with an airspeed indica-
tor, an altimeter, a vertical velocity indicator, a variometer
(measure ft. per minute changes) and a magnetic com-
pass mounted on the front instrument panel.

About the US Air Force Academy:
The USAFA is located in Colorado Springs, Colorado.

The mission statement is:  “inspire and develop outstand-
ing young men and women to become Air Force officers
with knowledge, character, and discipline; motivated to
lead the worldʼs greatest aerospace force in service to the
nation.”  The USAFA is recognized as one of the nationʼs
finest four-year institutions of higher learning.  
For more information, go to http://www.usafa.af.mil

VOCABULARY
Often, the words “glider” and “sailplane” are used in the

same context.  A glider is an aircraft that is usually towed
aloft and then released to glide back to Earth.  During
World War II, gliders, filled with soldiers and equipment,
were towed to a combat zone and released.  The gliders
descended to a landing where the soldiers then entered
the battle.  

A sailplane is also towed aloft; however, when it is re-
leased, it uses the energy of the environment to continue
flying.  Sailplane pilots will seek rising columns of air,
called thermals, to provide lift and subsequently gain alti-
tude.  A skillful sailplane pilot can use the lifting forces
within the environment to stay aloft for one or more hours.
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PROCEDURE
1. Make a copy of the templates. (found on the next two pages) It can be enlarged or diminished in size depending upon

your meat tray.

2. Put the template down on the outside surface of the foam tray.  

3. A hobby knife is used to cut out the gliderʼs parts.

4. Optional-make a sanding stick using #80-100 sandpaper

5. Using a “sanding stick (or sandpaper),” sand the edges of the gliderʼs wing and tail pieces so that they look like elon-
gated tear drops. (Refer to the “Bernoulliʼs Principle Worth Two Cents” for correct wing shape.)

6. Now, position the horizontal stabilizer to the fuselage.  Make sure that it is perpendicular to the fuselage. Run a bead of
hot glue along the back end of the fuselage and mount the horizontal stabilizer into the glue, centering it.

7. Mount the vertical stabilizer onto the horizontal stabilizer using hot glue. Make sure that the vertical stab is perpendicu-
lar to the horizontal stab.

8. The wing “halves” are glued together at their roots.  It is a good idea to put a piece of wax paper under the wings so the
wings wonʼt be glued to the table. When set, glue the wing to the fuselage so that the leading edge of the wing will fit
into the notch just behind the cockpit.

9.  Once the wing sets, you may install the small wing struts.  Coffee stirring sticks work well for these.

10. Find an old penny and hot glue it to the front of the fuselage. This will give you the right amount of weight to make the
little glider fly!

Position the horizontal stabilizer to
the rear of the fuselage.

The vertical stabilizer is now glued
into position.

To mount the wings, run a bead of
hot glue along the fuselage behind
the notch, as shown.

The wings are placed in position
and held there until the glue sets.

This three-view illustration shows the correct glue (“X”) applications for the wings and tail sections.

SAFETY PRECAUTIONS
1. Razor blades or hobby knives

can be dangerous. 
2. Hot glue gun tips can burn!
3. It is a good idea to use a piece

of flat cardboard under the
foam during the cutting proce-
dure.  This keeps the table from
being cut up and it allows the
builder to make a clean cut all
the way through the foam.
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THE FUSELAGE TEMPLATE FOR THE TG-4A

Only one fuselage is necessary; however, the builder can make two sides and 
bond them together with white glue.  Marking pens can be used to add the graphics.
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THE WINGS TEMPLATE FOR THE TG-4A
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A glider has similar components to that of a conven-
tional airplane.  It is a good idea for teachers and AEOs to
require students to know the parts of their glider after com-
pletion of the activity.  To make this a meaningful lesson,
have students label the parts to the model. Here are some
extra items for further investigation:

1. Have students find the left aileron.
2. Fuselage – (have students/cadets put a 5-digit number

on the side starting with the letter “N” (because “N” is the
international prefix for the USA.)  This will be their regis-
tration.  An example would be “N55361.”  They could
also use a letter of the alphabet to substitute for the last
number.  An example would be “N5536A.”

3. Whatʼs another name for the dive brakes? Ans. spoilers.
4. Where does the pilot sit?  Ans. cockpit.
5. Whatʼs a pitot tube for? (requires outside investigation)

Ans. Static tube system, which is used to measure for-
ward speed.  (A differential pressure gauge.)

6. What is the rudder used for, and what is it attached to?
Whatʼs an elevator used for?  Ans. The rudder is hinged
to the trailing edge of the fin (a small vertical wing fixed
to the fuselage.)  It is used to overcome and balance yaw
(sideways swing of glider.)  The elevator pitches the
nose of the glider up or down.  It is the primary means of
controlling the speed of the glider.

7. Have students/cadets investigate what “high aspect
ratio” means and how it applies to gliders. Ans. Aspect
ratio of a wing is the wingspan squared divided by the
area of the wing.  Gliders have a high aspect ratio be-
cause they have long and skinny wings since they arenʼt
concerned with speed and maneuverability as much as
efficiency.

8. Look at the picture of the actual TG-4A at the beginning
of this unit.  Why is there a wheel on the wing?  Ans. To
keep the wing from scraping along the ground during a
landing.

9. Why is there a wheel on the tail? Ans. To keep the tail
from scraping while on the ground.

10. Why do wings have struts?  Ans. A brace to support
wings usually attached from fuselage to wing.

11. What does it mean to “use the energy of the environ-
ment to maintain lift?” Ans. the key to keeping the glider
in the air longer is to get help from the air.  There are
three types of rising air used by glider pilots. They are
thermals, ridge lift, and wave lift.  To find out about
each, visit http://science.howstuffworks.com/transport/
flight/modern/glider.htm 

Learn more about gliders at http://science.howstuffworks.
com/transport/flight/modern/glider3.htm 

LEARNING THE LANGUAGE OF GLIDERS:

TG-4A Glider Nomenclature

AEX II Vol I REBUILD_Layout 1  10/14/10  1:45 PM  Page 59



60

activity fifteen

Role Model – A. Scott Crossfield 
First To The Edge Of  Space In The X-15
OBJECTIVE – This discussion activity will give the students/cadets a back-
ground on the legendary X–15 rocket pilot, A. Scott Crossfield and the stu-

dents/cadets will build a model of the aircraft for a unit in aerospace
education.

NATIONAL STANDARDS

Science Standards:
Standard A:  Science as Inquiry
Standard B:  Physical Science

• Motions and forces
Standard E:  Science and Technology

• Abilities of technological design
• Understandings about science and technology

Standard F: Science in Personal and Social 
Perspectives

• Science and technology in society

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

Unifying Concepts and Processes
• Evidence, models, and explanation

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

history.
8.   Understanding of the attributes of design.
10. Understanding of the role of troubleshooting, re-

search and development, invention and innova-
tion, and experimentation in problem solving.

11. Ability to apply the design process.

The X-15, the first airplane to fly
into and back from space and the
man who is considered by many

historians to be Americaʼs first
true astronaut, A. Scott Crossfield
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BACKGROUND 
Every year an event as large or larger

than the CAP National Board is held at
some key location throughout the United
States. This gathering is called the Na-
tional Congress on Aviation and Space
Education (NCASE). It is the premier
aerospace education event of the year
and registration often exceeds one thou-
sand. Educators, CAP members, military
personnel and other guests from the aero-

space industry gather to meet famous aerospace personal-
ities. They also share classroom experiences and
participate in academically oriented concurrent sessions
covering aerospace topics of interest to everyone. There is
an arena where vendors and associations from across the
country showcase their educationally oriented products or
services to the academic community. If it has to do with
aerospace education, it will be at the “National Congress”
(as it is commonly called.)*

At NCASE, there are also a number of very special
awards presented, including induction into the Crown Cir-
cle, CAPʼs highest honor for outstanding work in the out-
reach of aerospace education. The national-level Frank G.
Brewer Award is also presented at a very special luncheon.
During the final ceremony and recognition dinner, an award
is presented to an educator who has gone to extraordinary
lengths to advance the cause of aerospace education in
Americaʼs classrooms. The award is known as the “A. Scott
Crossfield Aerospace Teacher of the Year.” Although the re-
cipient does not have to be a CAP member, most are
“A.E.M.s” (Aerospace Education Members). This is a spe-
cial membership category in Civil Air Patrol for those who
support CAP, but are members at large and not attached to
one particular unit. AEMs do not wear uniforms or attain
rank; however, they do support CAP by promoting STEM,
through Aerospace Education, to their schools and commu-
nities. Their primary task is to help make the academic
community aware of the importance of airpower and the
aerospace industry. 

The Civil Air Patrol started the A. Scott Crossfield Aero-
space Teacher of the Year Award in 1985. The recipient is
richly rewarded for his or her efforts. First, a prize of $1000
is given to help the educator in his/her classroom efforts.
Furthermore, registration and hotel expense is paid for all
future National Congresses. Finally, the teacher is recog-
nized by being inducted into the prestigious Crown Circle. 

A. Scott Crossfield was born in Berkeley, California, on
October 2, 1921. His place in aerospace history is that of a
great test pilot and to many, he is considered to be Amer-
icaʼs first true astronaut. Long before the Space Shuttle,
the X-15 aircraft, which Scott pioneered, routinely flew into
and back from the edges of space. Scott was also the first
man to break Mach 2, or twice the speed of sound.

As a child, Scott had difficulty with a disease known as
rheumatic fever. This was complicated with another dis-
ease, pneumonia. While trying to get well, young Scott had
much time to read and he took an avid interest in aviation.
His health finally started to improve in his early teens--
enough so that he could work part time delivering newspa-
pers. 

One of the “stops” on his paper route was Wilmington
airport and he soon struck up a friendship with the owner of
a flying school. In return for free paper delivery, he was
able to barter for flying lessons. By the time he graduated
from high school, he was determined to become a great
pilot like Jimmy Doolittle or Boeingʼs test pilot, Eddie Allen. 

Scott entered college at the University of Washington
and eventually completed his degree in aeronautical engi-
neering. He enlisted in the Navy and graduated from flight
training in 1942. Crossfield was a gunnery instructor and
ended up in the South Pacific as a Corsair pilot. 

After the War, Scott returned to the University of Wash-
ington to further his education and became the Chief Oper-
ator of the F.K. Kirsten Wind Tunnel. This position led to
another opportunity and he became an aeronautical re-
search pilot for the National Advisory Committee on Aero-
nautics. The N.A.C.A. was the forerunner of NASA and its
activity was at the very leading edge of manned-space
flight research in the 50ʼs. It was during this time that Scott
flew the Douglas D558-II Skyrocket to Mach 2. At the time,
he was the “Fastest Man Alive.” 

As a test pilot, Crossfield had also flown numerous
other significant aircraft including the X-1 and most of the
later X-series (X signifies experimental) aircraft. His most
notable involvement in this series was the X-15. 

From 1955 to 1961, Scott was the design specialist and
chief engineering test pilot for North American Aviation,
builder of the X-15. He was involved in all phases of X-15
specification and design engineering. His work was instru-
mental in the development of cockpit and control systems,
engine systems, and aircraft structures. Not only was Scott
an outstanding engineer, he was recognized as one of the
finest test pilots of his day. 

He and his wife, Alice, have six children and they reside
in Herndon, Virginia. He still maintains currency as a pilot
and when conditions are to his liking, he flies his Cessna
210. The Civil Air Patrol is honored to have an aviation pio-
neer of Scott Crossfieldʼs importance supporting its pro-
gram.**
DISCUSSION

In his many presentations given at the National Con-
gress on Aviation & Space Education, Scott Crossfield al-
ways gives the highest praise to those teachers who
encouraged him along the way to success. That is one of
the many reasons why Scott gave his name to an award
that recognizes outstanding teacher achievement in the
field of aerospace education.
*NCASE has had
changes since the
original printing of this
publication. To find out
the current status, go
to www.ncase.info.
** A. Scott Crossfiled
was reported missing
and later found dead
after his cessna 210
crashed in a remote
area of Georgia in
2006.
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MATERIALS 
1. Craft store styrofoam Easter egg
2. straw
3. #64 rubber band
4. paper towel tube
5. hot glue gun
6. sandpaper
7. scissors
8. spray glue
9. black spray paint
10. file folder or large index card
11 template
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A craft store Easter egg is used to
make the nose cone. Using a pen-
cil, punch a hole through the egg
as shown.

A #64 rubber band is pushed
through the hole. Next a soda straw
is pulled through one of the loops.
This will keep the rubber band from
pulling through when stretched
for launching.

The Easter egg assembly will be in-
serted into the paper towel tube. Hot
glue is used to keep the egg in place.
Run a bead around the opening of the
tube as shown.

Once the glue sets up, trim the
Easter egg “nosecone” with sand-
paper.

Using the template, make wings,
stabilizers and fin from a file folder
or large index card.

The edges of the wings are folded
as shown, one up and one down.

The builder can use most any kind of
adhesive; however, spray glues work
great.

The two halves of one wing are
glued together so that the folded
portion has one up and one face
down.

For a really strong bond, it is rec-
ommended that the paper wings be
hot-glued to the body tube.

The vertical fin and horizontal stabi-
lizer are glued into position as
shown.

Your X-15 will look like this when
complete.

Your X-15 painted black and ready
to fly.

LETʼS BUILD AND FLY A GREAT LITTLE PAPER TUBE FLYING MODEL OF THE X-15
In conversations with Scott Crossfield, the author

learned that he was a model builder when he was growing
up.  The models were usually flying projects created from
“cheap resources!”  In an earlier publication that was part
of the Aerospace Education Excellence Award program, an
X-15 was featured along the same lines as the Goddard
Rocket in this booklet.  Scott was given one of these mod-

els and a big smile came to his face when he saw how it
was propelled and how easy it was to construct.  He said,
“..now thatʼs a real X-15.”  When the author showed him
this X-15 made out of paper towel tubing, filing folders and
a foam Easter egg, he laughed saying, “..North American
would like this one!”   With Scottʼs blessing, letʼs get
started:

PROCEDURE

How could you modify your X-15 to make it:
1. fly faster?
2. fly farther?
3. shorten the flight distance?
4. fly straighter?
5. fly to a specific target?

Create an experiment to test for each question on the left. Write your
test procedure and results in a scientific format similar to the one below:
Step 1:  State the problem.
Step 2:  Research the problem.
Step 3:  Form a hypothesis.
Step 4:  Test the hypothesis and record data.
Step 5:  Draw conclusions from the data.
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X-15 Template
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activity sixteen
Harriet Quimby, First Lady Of  Aerospace
and Construction Of  Her Airplane, The Bleriot XI
OBJECTIVE – To introduce students to America’s first licensed woman pilot

and,

NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Standard B:  Physical Science

• Motions and forces
Standard E: Science and Technology

• Abilities of technological design
• Understandings about science and technology

Standard F: Science in Personal and Social 
Perspectives

• Risks and benefits

• Science and technology in society
Standard G:  History and Nature of Science

• Science as a human endeavor
• History of science 

Unifying Concepts and Processes
• Evidence, models, and explanation

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

history.
8.   Understanding of the attributes of design.
11. Ability to apply the design process.

Harriet Quimby as depicted on a 1991 50 cent airmail stamp. USPS Image.
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BACKGROUND 
There is still some debate about the time and place of

Harriet Quimbyʼs birth; the evidence points to May 1, 1875,
in the State of Michigan.  Her father, William, and mother,
Ursula, also had another child and her name was Kittie.
After a failed attempt at farming, the Quimbyʼs headed to
California and settled in the San Francisco area.  In her
younger years, Harriet aspired to be an actress, however,
she ended up as a journalist working for the San Francisco
Bulletin.  She wrote articles about art colonies in Monterey
and San Franciscoʼs Chinatown.  By 1905, Harriet set out
for New York where she eventually got a job with the pres-
tigious publication, Leslieʼs Illustrated Weekly.  Her writing
style indicated that she had an excellent formal education.
Her articles were aimed mostly at women and ranged from
household tips to financial guidance.  Her work also in-
cluded interviews of many unusual people and, on one as-
signment, she was invited to visit the Vanderbilt
automobile race track.   She was given a ride in a race car
and, after several 100 mile per hour laps, she was literally
hooked on high speed.  She even purchased her own car
and advised readers on how to maintain automobiles
“properly.” In 1910, Ms. Quimby attended the Belmont
Park International Aviation Tournament.  This visit eventu-
ally changed her life.  She met John and Matilde Moisant.
Johnʼs brother, Alfred, operated a flight training school in
the town of Mineola, New York.  John was somewhat of a
national hero for his skill and accomplishments in aviation.
He promised Harriet and Matilde that he would teach them
how to fly; however, prior to doing this, a tragic accident
took his life during an exhibition in New Orleans.  

Harriet was still determined to learn to fly and in the
summer of 1911, she started training.  She tried to keep it
a secret by showing up for her early morning flights wear-
ing a long duster coat and a helmet.  Eventually, the word
got out and she became “headline news” in her own news-
paper.  This was during a time when women were sup-
posed to be “at home” and certainly not out driving fast
motorcars or flying. 

On July 31, 1911, Harriet passed her ground and flight
tests and became the first American woman to receive an
internationally recognized pilotʼs license. She was second
in the world by only a few days.  During her qualification
trials, she actually set a record for precision landing by
being only 7ʼ 9” from an official mark... a feat that many
men had failed to achieve! 

Harriet Quimby was an outstanding beauty.  Had she
pursued her earlier desire to be an actress, there is little
doubt she would have been a star.  She became known as
the “Dresden China Aviatrix,” which at the time was the
equivalent of what we now call “gorgeous!”  In her newspa-
per, she wrote about her training, and she even speculated
on the future of aviation.   This included airline travel, aer-
ial photography, safety and airmail.  

In 1909, Louis Bleriot, a well-known French aviator, be-
came the first human to fly across the English Channel.
He did this feat in an airplane of his own design.  Bleriot

became an international celebrity and this inspired Harriet
to become the first woman to make the flight. 

She sailed to England in March of 1912 and eventually
met and became friends with Louis Bleriot. Harriet had
plans to purchase a new 70 horsepower Bleriot airplane,
but one wasnʼt available at the time.  She convinced the
builder to let her use one of his 50 h.p. model XIs for her
attempt to fly the Channel.  Some of the glory of her flight
was taken away when, just days earlier, a woman had
flown across the English Channel as a passenger.  The
pilot on that trip was Gustov Hamel.  Quimby and Hamel
became friends and days before Harriet was set to depart,
he offered to fly her trip in a disguise.  He said he would
land somewhere secret so that Harriet could come out and
be in the plane when the French people found her.  She
declined!

In the early morning hours of April 16th, 1912, Harriet
took off near the English city of Dover.  It was a gray,
cloudy day and many times she flew in clouds and condi-
tions that were extremely dangerous.  She had intended to
land in Calais, but ended up south of there on a beach
near Hardelot.  The flight took 59 minutes.  When she
landed, local fishermen gave her a champagne welcome
and carried her on their shoulders to an awaiting crowd.
Unfortunately, Harriet did not receive the recognition she
deserved because just two days earlier, the great ocean
liner, Titanic, had sunk and this still dominated much of the
world news.

After returning to the United States, Harriet hired a pub-
licity manager and one of the events on her “calendar,” in-
cluded the Third Annual Boston Aviation Meet near Quincy,
Massachusetts. She was scheduled to fly a new two-seat
Bleriot that had been shipped from France.  The event or-
ganizer, William Williard, was given the privilege of making
a promotional flight with Harriet.  History describes him as
being overweight and excitable.  These were two charac-
teristics that eventually brought disaster to the flight.  Har-
riet and her passenger took off and flew out over
Dorchester Bay in front of thousands of spectators.  At an
altitude of approximately 1500 feet, it was observed that
Williard apparently unbuckled his seat belt and leaned for-
ward to attempt communication with Harriet.  Apparently
Harriet had unbuckled her seat belt to answer him and it
was at that time, the Bleriot pitched downward throwing
Williard out of the aircraft.  It was observed that Harriet
tried to regain control, but she too was thrown from the
plane.  Both died in the fall.

Harriet Quimby was a very skilled pilot and there is
speculation that, had she lived, her career would have to-
tally overshadowed that of Amelia Earhart.  Some histori-
ans even say that she could have been the first human to
fly the Atlantic solo.  She was flying before World War I,
and years ahead of Lindbergh and Earhart.

Initially, she was buried at Woodlawn Cemetery in New
York.  A year later, she was moved to the Kenisco Ceme-
tery where she remains today.  
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OBJECTIVE OF HANDS-ON ACTIVITY 
The purpose of this activity is to create a

model of the airplane that Harriet Quimby used
to fly the English Channel in 1912.  When this
model is combined with a “role play” of flying
over a simulated English Channel, it gives chil-
dren an idea of how a very brave, young Amer-
ican woman not only achieved the first pilotʼs
license, but also made a historic flight under
some very dangerous circumstances. This lit-
erally opened the door for women to enter the
world of flight. 

PROCEDURE — Phase I – “How-To” for building the Harriet Quimbyʼs Bleriot

MATERIALS 
1. A foam meat tray will be needed to

cut out the parts from the template.
2. Four plastic coffee stirring sticks. 

3. Two, quality coffee wooden stirring
sticks. 

4. Two fender washers. 

5. A hot glue gun. 

6. A snap knife. 

7. The template (see page 70)

Using the “ punch and pull” method,
cut out the pieces from the template
provided.  The template can be taped
or spray glued to the bottom side of
the foam meat tray.

A hot glue bead is run along the
edge of a plastic coffee stirring
stick as shown.

Using the template as a guide, glue
four coffee sticks into place along the
fuselage.

The rudder is now hot glued to the
ends of the four fuselage stirring
sticks.

To install the wing, run a bead of
hot glue around the upper portion
of the fuselage as shown.

The wing is mounted to the front of
the fuselage.  Study the illustration
to see where.

The horizontal stabilizer is
mounted at the back near
the rudder.  Note that it is
on the bottom of the fuse-
lage coffee sticks.  Check
the illustration on how this
is positioned.

To make the landing gear, you must
first mount two fender washers onto
two wooden coffee stirring sticks. Cut
out the stick using the template as your
guide. Then hot glue on one tip and
press a washer down into the glue.
Take a tiny piece of   scrap wood and
press this into the glue that oozes
through the center of the fender
washer. This will hold the “wheel” in
place. Make two!

A bead of hot glue is run down the
front of the fuselage as shown.
Using the lead photograph on this
activity, and the illustration, mount
the landing gear strut into the cor-
rect position.

Ah-h-h… a cute little propeller!
Using your imagination, and a cof-
fee stirring stick, make and mount a
propeller to the front of the fuse-
lage. This isn’t required, but it is
does add charm!

In order for this little airplane to slide
down a fish line (see the “Final Approach”
activity),  we must mount a “carrier” at
two points along the top of it.  A simple
solution is a short piece of soda straw 
hot glued to the rudder as shown.

Finally, another short soda straw is
mounted to the upper portion of
the wing.  
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PROCEDURE 
Phase II – Flying Over The English Channel
1. The English Channel flight is a spin-off of “The Final Approach” or Activ-

ity Seven.  
2. In this Phase, you will set it up so that the Bleriot crosses the English

Channel and lands in France. The model is piloted by a student/cadet
sitting in a chair.  

3. First things first!  A large blue tarp, or similar sheet of plastic will act as
the English Channel.

4. It is laid out on the floor of a large area like a meeting room or gymnasium.
5. The “pilot” will be seated about 10 feet away from the “English Channel.”
6. A helper, the person who is going to launch the Bleriot, stands on a lad-

der or footstool, approximately 30 feet away from the seated pilot. (see
next page)

7. A nylon fish line is strung between a control stick (usually a dowel rod or
piece of broomstick about 2 feet long) and a high place in the room
where the helper is stationed.

8. The tarp is in front of the pilot and the space between the broomstick/fish line attachment is the “coast of France.” 
9. The helper is located at “Dover, England.”
10. The helper carefully strings the fish line through the soda straw attachments on top of the Bleriot model.
11. The model is held in position by the helper until the pilot calls for a release.
12. Once released, the Bleriot, because of the weight of the fender washers, will slide down the fish line.
13. The pilot must control the little model so that it flies over the “English Channel” and lands to a full stop at “Hardelot on

the coast of France.”
14. If the pilot pushes forward on the stick too much, the little airplane will crash into the Channel.
15. If the pilot pulls back too much, the little Bleriot will over shoot the Coast of France and another attempt will have to be

made. 
16. How does each of the variables (angle of string, weight of plane, length of string, position of control stick) affect your

ability to get your model from Dover, England across the English Channel to the coast of France?  Adjust one variable
to test its importance to the outcome.

17. Use a table like the one below to record your results.

Flight # Angle of string Weight of plane Length ) Position of Results 
of string (cm control stick (hit, overshoot, 

crash into channel)

1

2

3

4

5

6

7

8

9

10

11

12

Try each variable 3 times.  Record the results.  Compare your results with another pilot. 

EXTRA: Find the weight ratio between the Bleriot XI and the airplane in activity #7.  What are the differences in maneu-
vering to go the same distance?

Use your imagination!  
Can you see the English Channel in this blue tarp?  
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CREDITS 
• Harriet Quimby, Americaʼs First Lady of the Air, by Ed Y.

Hall, 1993  
• Allstar Network,

http://www.allstar.fiu.edu/aero/quimby.htm
• Research by Ms. Jean Cesarone, Harriet Quimby Cameo

Presentation, Women as Role Models In Aerospace, 24th
Annual Aerospace Education Symposium, United States
Air Force Academy, 2000.

DISCUSSION
1. The students should discuss what the life and times

were like, especially for women, in the period from 1900
to 1912.

2. Students should also investigate the performance of air-
planes during the time period from 1900 to 1912.

3. Students might investigate the weather/climate of the
English Channel during April.  (Harriet flew in fog and
rain before landing on a sunny beach)

4. Another interesting point is to discuss what Harriet
Quimbyʼs role might have been had she been alive dur-
ing World War I.

5. Students might also speculate what her career might
have been like had she lived through the era of “barn-
storming.”  

BACKGROUND 
Louis Bleriot designed, built and flew this airplane into

the pages of aviation history.  On the morning of July 25,
1909, he flew from a point near Calais, France, and
landed in Northfall Meadow, near Dover, England, to be-
come the first human in history to fly across the English
Channel.  Later, on the 16th of April 1912, Harriet Quimby
flew a Bleriot the opposite direction to become the first
woman in history to fly the treacherous English Channel.
The Bleriot has a 25ʼ 7” wingspan.  It is 29ʼ3” long and
weighs 661 pounds.  The height is 8ʼ7 inches and has a
wing loading of 4.38 pounds per square foot.  The original
engine was made by Anzani and it was a 3 cylinder, 25
h.p. air-cooled radial that turned a Chauviere 2-bladed
propeller.  The Bleriot was constructed of ash, bamboo,
steel tube and covered with a rubberized fabric.  Cruising
speed was around 36 miles per hour.

Model of Harriet Quimby’s airplane.

You will create a little airplane that can be used to “role-play” the 1912 flight of Harriet Quimby. Your airplane
will “fly” across the English Channel (a large blue tarp) and land on the coast of France. 
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BASIC BLERIOT CONSTRUCTION ILLUSTRATION
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HARRIET QUIMBYʼS 1912 BLERIOT XI 
TEMPLATE
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activity seventeen

Earth Geography From Space
OBJECTIVE – This activity draws upon NASA images and research to 

introduce students and cadets to the various ways space scientists use re-
mote 

sensing to study significant physical features on earth and the changes that
occur 

on a constantly evolving planet.
Students will be able to interpret el-

ements by 
analyzing a remotely sensed astro-

PHOTOS TAKEN FROM 
INTERNATIONAL SPACE STATION 

Strong winds and dry air created dangerous fire condi-
tions in parts of Utah on September 19, 2010. Blowing
from the southwest, the winds were pulling thick plumes
of smoke north in the midafternoon when the Moderate
Resolution Imaging Spectroradiometer (MODIS) on NASA’s
Aqua satellite acquired this photo-like image. The fires
are outlined in red.

Es Safa is a striking basaltic volcanic field located
to the southeast of Damascus, Syria. It lies within
the larger Harrat Ash Shamah—the largest volcanic
field on the Arabian tectonic plate.
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PROCEDURE
1. Explain to students or cadets, that remote sensing is the

science of identifying, observing, and measuring an ob-
ject without coming into direct contact with it.  A primary
use of remote sensing data is to classify a variety of sci-
entific features usually presented in the image. In this
case, the image will be seen from the International
Space Station.

2. Using a color copier or printer, make an overhead trans-
parency of the Bitterroot Valley image presented in this
activity, [OR go through the NASA website and print it
out on a quality color printer.]

3. Once each student has a copy, tell them, “Letʼs role play
for a moment…you are an astronaut on the International
Space Station and it is currently flying over the State of
Montana.  Because you are not a native of Montana,
you probably donʼt know what you see.  However, this is
very significant image in the geography of that State.
Study it for a moment and based on your previous
knowledge of geography, what do you think you see?”

4. Have cadets and students “interpret” what they see first.
Then introduce the following terms so can “think like an
astronaut geoarcheologist:” 

Tone is the brightness or the color of objects in an image.
Different types of imaging record different types of energy
reflected or emitted by the target.

Shape is the general form or outline of an object in an
image.  (Geometric shapes)

Size of a target object relates to scale.  Object size can be
compared and measured using shadow length of known
features.

Pattern is the spatial arrangement of objects in an image.
An arrangement of lines or objects regularly spaced, such
as streets in a city, is a pattern.

Texture refers to the pattern and tones in an image.
Rough textures reflect energy and produces irregular, un-
even images.  This might be mountainous regions, or soil
with different amounts of water content.  Smooth textures
are those that have surfaces with similar objects evenly
mixed, such as a field of wheat or a parking lot.

Shadow is produced from the angle of the sun and the
angel of the equipment recording the image.  Shadows are
used to determine heights of objects.

Association is the relationship between recognizable ob-
jects and unrecognizable objects.  For example, many
schools have playgrounds or ball fields.  If the school
building is recognizable, then the patch of ground near it
can be identified.

NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Standard D:  Earth and Space Science

• Structure of the earth system
Standard E:  Science and Technology

• Understandings about science and technol-
ogy

Standard F:  Science in Personal and Social Per-
spectives

• Science and technology in local, national,
and global challenges

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

Unifying Concepts and Processes:
• Constancy, change, and measurement

Technology Standards:
1.   Understanding of the characteristics and

scope of technology.
3.   Understanding of the relationships among

technologies and the connections between
technology and other fields of study.

6.   Understanding of the role of society in the de-
velopment and use of technology.

13. Ability to assess the impact of products and
systems.

17. Understanding of and ability to select and use
information and communication technologies.

Social Studies Standards:
3.   People, Places, and Environments
8.   Science, Technology, and Society

English Language Arts Standards:
4.   Communication Skills
5.   Communication Strategies
7.   Evaluating Data
12. Applying Language Skills

CREDIT WHERE CREDIT IS DUE!

Ms. Kaye Ebelt is a teacher at Target Range Mid-
dle School, Missoula, Montana.  She is also a pilot
and holds the rank of Captain in the Civil Air Patrol.
Kaye is very active in her Stateʼs aviation education
activities and serves as the Director of Aerospace Ed-
ucation for the Montana Wing of the CAP.

Kaye plans to get her Doctorate degree in Space
Imaging Geoscience.  She was invited to prepare a
space geography activity that would show students
and cadets how the International Space Station is
being used as a valuable tool in geographic Earth re-
search.  The author extends his sincere appreciation
to Ms. Ebelt for this exciting and very informative “ad-
venture in space technology.”
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You are looking back at the Earth
from the International Space Sta-
tion. This is a very important place
to thousands of students at the
University of Montana. Where is it?  

THE MYSTERY IS SOLVED—The image featured in this activity was
taken from the International Space Station.  Hereʼs the background:

Bitterroot River Valley, Missoula, Montana, U.S.A.  Missoula, near the
confluence of the Bitterroot River and the Clark Fork of the Columbia
River, is barely visible in the center of this infrared, west-looking, low-
oblique photograph. The city lies in the midst of five water valleys and is
surrounded by rugged, forested mountains, including the rugged Bitterroot
Range to the west and the Sapphire Mountains to the southeast. Missoula,
in the middle of an extensive dairy and cattle area, is a commercial and
medical center. Other industries include lumber, tourism, paper pulp pro-
duction, and sugar refining. The University of Montana and the regional
headquarters of the United States Forest Service are located in Missoula.
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Look at the remotely sensed image on page 73 and interpret the elements to identify what you are
seeing.  Record your observations for each category.  Refer back to the definitions if you need help.

Tone

Shape

Size

Pattern

Texture

Shadow

Association
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A GEOGRAPHY LESSON FROM SPACE

Have students access Earth From Space, at http://earth.jsc.nasa.gov/sseop/efs.  NASA web-site and challenge them
with: “If you were asked to give a report on some location—and you wanted to give it from the standpoint of an astronaut
as viewed from space, how would you prepare this report?” 

Interpretive Elements Chart
PUTTING YOUR SCIENCE TO WORK IN THE FORM OF RECORDED OBSERVATIONS
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activity eighteen

Hot Air Balloons
The First True Powered Aircraft (1783)

OBJECTIVE – The purpose of this activity is to introduce 
students/cadets to hot air balloons, as lighter- than-air craft.
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BACKGROUND 

PROCEDURE 
1.   Lay one gore (color panel) on top of the other allowing 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 repeated.
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 strengthens 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.  
A replica of the Montgolfier balloon stands in the National Air & Space
Museum, Washington D.C.Roger … start the countdown!

MATERIALS 
1. This activity requires the purchase of a hot air balloon

kit.  Suppliers such as Edmund Scientific or LEGO Ed-
ucation may have kits or go online at www.capmem-
ber.com/ae and click on “Lessons and Other AE
Resources.” Choose hot air balloons from the chart of
subjects. Good information!

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

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 and it was
created by two French brothers, Joseph and Etienne Mont-
golfier.  

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

Finally, on November 21st of that same year, two men, Pi-
latre de Rozier, a young physician, and the Marquis dʼArlan-
des, an infantry officer, climbed aboard a Montgolfier balloon
and rode into the pages of history.  The flight lasted 25 min-
utes and covered a little more than 5 miles. 

The first hot air balloon flight in the United States occurred
on January 9, 1793, in Philadelphia, Pennsylvania and was
piloted by Frenchman, Pierre Blanchard. This was even wit-
nessed by President George Washington.

Today, a hot air balloon is made of nylon, or polyester,
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 se-
ries of gores to build a tissue paper balloon.

How it Works:
Inside a hot air balloon, the air molecules take up more

space because each molecule has more individual pressure.
This means there are actually less air molecules in the bal-
loon than there is in an equivalent volume of cold air around
the balloon, so the air in the balloon is lighter.  Light things
float on heavier things which means the balloon rises up. 

NATIONAL STANDARDS
Science Standards:

Science Standards:
Standard A:  Science as Inquiry
Standard B:  Physical Science

• Structure and properties of matter
• Motions and forces
• Interactions of energy and matter

Standard E:  Science and Technology
• Understandings about science and 

technology
Standard G:  History and Nature of Science

• Nature of scientific knowledge
Unifying Concepts and Processes

• Evidence, models, and explanation
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INQUIRY PROCEDURE:
1. Make an altitude tracking device to use for hot air balloon

tracking and bottle rocket tracking (Activity called “Pop Bottle
Rockets”).  This activity can be found at
http://quest.nasa.gov/space/teachers/rockets/act9.html 

2. Have groups of students decide on the construction of their
hot air balloon.  Using the same power source for all trials,
test each balloon.

3. Time the length of flight by each balloon and measure the
height each balloon achieved.

4. Graph your results.
5. Another example of an indoor hot air balloon made out of a

plastic film dry cleaner bag can be found at
http://www.grc.nasa.gov/WWW/K-
12/TRC/Aeronautics/Hot_Air_Balloon.html 

A heavy line of adhesive is applied with a com-
mon glue stick to the lower gore.

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

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 care-
ful not to let the electric paint remover gun come in contact with the
paper.  There is danger of fire. 

Groups Time Aloft Height Achieved 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 nineteen

The Piper Cub —
Build A Piece Of  

Civil Air Patrol’s Rich History
OBJECTIVE – To give stu-
dents, and especially CAP

cadets, a better under-
standing of one of avia-

tion’s most famous
airplanes, the Piper Cub.
This was also the first air-
plane used by members of
the Civil Air Patrol during
its patrol of the U.S. coast-
lines during World War II.

An all-time classic,
the Piper J-3 Cub
(EAA)
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NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry
Standard B:  Physical Science

• Motions and forces
Standard E:  Science and Technology

• Abilities of technological design
Standard G:  History and Nature of Science

• Historical Perspectives
Technology Standards:

7. Understanding of the influence of technol-
ogy on history

8. Understanding of the attributes of design.
11. Ability to apply the design process.

BACKGROUND 

MATERIALS 
It is recommended that the reader build the paper
model Piper Cub provided here.  Permission was
given to the Civil Air Patrol by the artist, Chip Fyn, of
Chandler, Arizona. Mr. Fyn has a company known as
“Fiddlerʼs Green” and offers a line of model airplanes
from all stages of aerospace history.  To get more in-
formation on the available paper model aircraft, and
costs involved (not very expensive), please visit his
website at www.fiddlersgreen.net. 

A man by the name of Gil Taylor, and his brother, established
the Taylor Brothers Aviation Corporation in 1929.  One of their
most famous designs was known as the Taylor Cub and it first
flew in 1930. The company had a difficult time during the Great
Depression and, in 1937, an oilman by the name of William T.
Piper took over the ownership and formed the Piper Aircraft Cor-
poration.  When first produced by Piper, the Cub was powered by
a 40 horsepower Continental A40-4 engine.  A very successful
version, especially popular during World War II,  was powered by
a 65 h.p. engine.  This had the designation of J-3C-65, but was
more commonly known as the J-3 Cub. 

Just before entry into World War II, the United States govern-
ment implemented what was known as the Civilian Pilot Training
Program. The aircraft of choice for the “CPT” was the Piper Cub.
In 1940, 3,016 Cubs were built and at the wartime peak, a new
one left the factory every 20 minutes.  It was recorded that over
50,000 trainees began their flight training in Piper Cubs during
WWII. 

In 1941, the U.S. Army selected the Cub for artillery spotting.
It was soon learned that this versatile airplane had capabilities far
beyond the Armyʼs initial expectations.  The Armyʼs version, modi-
fied for various tasks, was known as the L-4 and designated the
“Grasshopper.”  The U.S. Navy had a number of these airplanes
designated the NE-1.

Specifications for the 65 h.p. version gave it a maximum
speed of 85 mph, and a service ceiling of 12,000 feet.  The range
was just under 200 miles and the gross weight was 1220 pounds.
The airplane had a 35ʼ2” wingspan and a length of 22ʼ 3”. 

Civil Air Patrol has a history with this airplane that dates back
to WWII.  During this time, civilian pilots flew their private aircraft,
many of which were Piper Cubs, in patrol along the Atlantic
Coast.  They conducted exhaustive searches for German sub-
marines, known as U-boats.  When a U-boat was sighted, CAP
pilots would call in air strikes.  German U-boat commanders
quickly realized the threat of these tiny aircraft. 

Many U-boats would crash-dive upon sighting a CAP aircraft.
Some of the submarine crews would try to shoot them down, and,
as a result, the Army Air Corps began arming the CAP airplanes
with bombs.  During the war, two German U-boats were sunk by
CAP air crews.  If a CAP airplane was shot down, and several
were, there was little chance for survival in the cold Atlantic.  As a
result of this threat, CAP developed a program of search and res-
cue, which remains one of its three main missions to this day.

Because of the nature of the mission of the early CAP air
crews, they became known as the “Flying Minutemen!”  They
would leave their homes in the morning, go fight in a war during
the day, and return for dinner in the evening.  This is how the
“minutemen” fought during the Revolutionary War.

After the German surrender in 1945, one of Hitlerʼs high-rank-
ing naval officers was asked why the Nazi U-boats had been with-
drawn from the U.S. coastal waters early in 1943.  The answer: ʻit
was because of those damned little red and yellow airplanes!”
(quoted from Robert E. Neprudʼs publication, Flying Minutmen).

One hundred sixty models—all on CD and ready to
print out.  A “flying history of aerospace,” on paper.

*Test the different models and see how they perform or do
research comparing the J-3 Cub with other similar air-
planes such as Aeronca Champ, Beechcraft Bonanza,
Cessna 152, Chipmunk, Ercoupe, Flying Bath Tub, Flying
Flea, Pietenpol Air Camper, and the DeHavilland Tiger
Moth (all included in the packet of models by Fiddlers
Green.) 
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activity twenty

Pop Bottle Rockets —
A Timeless Classic In Aerospace Education

OBJECTIVE – To introduce students and cadets to an inexpensive, 
high-powered rocket that can be launched again and again.

Pop Bottle Rocket Mounted On Versey Launcher
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NATIONAL STANDARDS

Science Standards:
Standard A:  Science as Inquiry
Standard B:  Physical Science

• Motions and forces
Standard E:  Science and Technology

• Abilities of technological design
Standard G:  History and Nature of Science

• Nature of Science
Unifying Concepts and Processes

• Evidence, models, and explanation
Technology Standards:

8.   Understanding of the attributes of design.
11.  Ability to apply the design process.

BACKGROUND 
Back in the late 80ʼs, a shop teacher from Heritage High

School, in suburban Denver, put on quite a show at one of
the authorʼs Colorado State Universityʼs aerospace work-
shop.  His name was Bill Dolezal and his presentation was a
model rocket made out of a one-liter soda pop bottle. He put
a little water into the bottle and mounted it on a sophisticated
looking launch stand.  An assortment of tubes and valves,
hooked up to a portable compressed airtank, allowed him to
control the flow.  When the rocket was in position, he told the
audience that this rocket would go more than 100 feet high.
There was skepticism, but he made a believer of everyone
when he launched this rocket exactly 112 feet into the clear
Colorado sky.  

In this activity, Newtonʼs Three Laws of Motion will be in-
vestigated.  The rocket will remain on the launch pad until an
unbalanced force is exerted propelling the rocket upward
(First Law.)  The amount of force depends upon how much
air that is pumped inside the rocket (Second Law.)  The force
can further be increased by adding a small amount of water
to the rocket.  This increases the mass the rocket expels by
the air pressure.  Finally, the action force of the air (and
water) as it rushes out the nozzle creates an equal and oppo-
site reaction force propelling the rocket upward (Third Law.)  

MATERIALS 

The author has tried a number of pop bottle rocket launch-
ers and only two have proven to be the most effective for
classroom and squadron use.  In their recommended book,
Water Rockets I-III Teacher Handbook, a basic launch pad
is featured and this one has proven to be very reliable and
easy to use.  Permission has been granted from Insights
Visual Productions, Inc., to feature this launcher in the Civil
Air Patrol AEX II.  The following illustrations, by Mr. Seth
Stewart, of Pitsco, are revisions of the original featured in
the Water Rockets I-III Teacher Handbook.  Instructions for
assembly are essentially the same as those featured on
pages 94-97 of this Handbook.  Materials and construction
are:

(1) 1” x 4” x 16” plywood, or other hardwood, piece for the
base platform. (Not particle board)

(1) 1 foot of 3/16” steel rod-this is used to secure as a “U”
pin to secure the rocket to the electrical box. 

(1) 1 General Motors (GM) automotive valve stem that will
be inserted into the pressure hose system.

(1) 4” x 1-1/2” metal electrical (wall) box

(2) 2” #10 flat head screws for mounting the stop block 

(2) 2”x 2” x 6” wooden blocks that are mounted to the base.
(Elevates the pad)

(1) 2” x 3” x 4” wooden block.  This is a stop for the retain-
ing “U” pin used to hold the rocket on the pad. This
block keeps the pin from flying off the base platform
during launch.

(2) #10 x ¾” wood screws.  These fasten the electrical box
to the base.

(1) 5/8ths metal washer used to seal the launch pad.  

(1) 10 foot length of nylon cord (1/8 inch diameter)

(1) 1”x 1”x 6” wood piece that will be used for a handle.

(1) 5/8 inch (i.d.) x 5 foot section of garden hose.

(1) A 90° PVC elbow (ribbed version with ½” i.d).  This will
be used with the hose.

(2) Hose clamps that fit at least a ¾ inch diameter.  

(1) ½ “ EMT conduit strap used to hold the elbow and hose
to the launch pad.

(2) #8 flat ½” wood screws to secure the conduit strap and
PVC elbow to the launch pad.

(1) 9/16” inside diameter cone washer that will provide a
seal between the rocket and the PVC elbow.

(1) A 10” x ½” nail.  This acts as a pin to hold the launcher
on the ground.
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Here’s your completed pop bottle rocket.  To make it fly, add a little water,
mount it on a launching platform, secure it with a pin, add a little pressure
(start out small and work upward in pressure) then pull the pin.  

The bottom cap that you removed
from the other pop bottle is now
placed over the washers and duct
taped to the rocket bottle.

Fins can be made from just about
anything; however, cardboard
works very well and takes the
abuse of repeated flights. 

The fin pieces are split about 1 inch
up from the bottom as shown.  A
snap knife works well for this task.

The reason for the splitting of the fin
can be seen here.  Each “flap” is
used to secure the fin in place on the
rocket bottle.  Duct tape works very
well for this mounting.

PROCEDURE 

After countless teacher workshops
and CAP activities, it has been
found that the standard Pepsi™ and
Coke™ two-liter bottles seem to
work the best.

You will be adding weight to the
rocket to make it come straight
back down.  First cut off the bottom
of a separate two-liter pop bottle.
Make sure the bottom is the same
as your intended rocket.

The idea is to mount several washers to
the top of the bottom of a pop bottle.
The bottom of the bottle will become the
top or nose of the rocket.  To do this,
washers are going to be duct-taped to
rocket bottle and secured with a cap
from another pop bottle.

The washers are positioned as
shown on top the rocket bottle.

This wonderful guide book was written by two highly
qualified science teachers, Mr. Jake Winemiller, Lincoln
Southeast High School, and Ronald J. Bonnstetter, Uni-
versity of Nebraska, both in Lincoln, Nebraska.  The man-
ual contains information on how to build and fly pop bottle
rockets from beginner versions up through computer-en-
gineered multi-stage launches.  This text and accompa-
nying videos is available through PITSCO, an educational
materials supply company.  Their toll-free number is 
1-800-835-0686.

Water Rockets I-III Teacher Handbook, a highly recommended guide!
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Experiment #

1

2

3

4

5

Amount of water (ml)
(not to exceed 75 p.s.i.)

Amount of air pressure Results (height)

Other activities for bottle rockets:

1. Try rocket teams to attach a parachute to the rocket that will deploy on the rocketʼs way back down.  Parachutes can be
made from a plastic bag and string.  Place the nosecone over the rocket and parachute for launch.  Make sure the cone
fits properly or it will slip off.  You can also have a payload installed if you extend a poster board tube above the
rounded end of the bottle.  You can make a payload compartment for lofting various items with the rocket (such as
streamers or paper helicopters) that will spill out when the rocket reaches the top of its flight.

2. Experiment with the amount of air pressure and water to the rocket before launch.  Use a chart like the one below to
record your results.

Name of rocket ___________________________________ Name of rocketeer _________________________________

NASAʼs “Rockets” educational product has the Altitude Tracker and directions for building a bottle rocket launcher.  For
the launcher, you could also use a bicycle pump with a cork in the mouth of the bottle (the pump needle is permanently in-
serted into the cork for easy re-using.)  The stand can be made from 3-4 stakes in the ground, or 3-4 wooden dowels at-
tached to a wooden platform to support the bottle. This launcher is less sophisticated than the one below, but works well
for simple launching.  However, be sure you NEVER stand over the bottle when pumping air into it!  
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LAUNCH PAD 
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activity twenty-one

Hands On At The Space Station
OBJECTIVE – This activity will help students understand how astronauts
cope with engineering problems while wearing bulky, protective space

suits.
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NATIONAL STANDARDS
Science Standards:

Standard A:  Science as Inquiry 
Standard C:  Life Science

• Diversity and adaptations of organisms
Standard E:  Science and Technology

• Abilities of technological design
• Understandings about science and 

technology
Standard F:  Science in Personal and Social 

Perspectives
• Science and technology in society

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

Unifying Concepts and Processes
• Form and function

Technology Standards:
8.   Understanding of the attributes of design.
10. Understanding of the role of troubleshooting,

research and development, invention and in-
novation, and experimentation in problem
solving.

BACKGROUND 
“Special” flight suits have been around since the Twenties

when pioneering aviators needed protection and supplemen-
tal oxygen when attempting high altitude records.  Long be-
fore that, deep sea divers used bulky suits to explore sunken
ships and other ocean treasures.  Space suits came into
prominence during the Fifties when test pilots like A. Scott
Crossfield were routinely flying aircraft like the X-15 to the
edge of our atmosphere. 

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 fin-
gers. In this activity, ski gloves are used to simulate space
gloves.  Students and cadets are asked to perform simple
tasks while wearing these bulky gloves and something as
simple as picking up coins and stacking them in a wrapper
soon becomes “complicated.”  The teacher or AEO can add
more “drama” by timing the students.  This is a fun activity
that can be performed easily during one class period or AE
session within a squadron.

DISCUSSION
There is a publication by NASA called Spacesuit Guide-

book.  It is recommended that teachers and AEOs get a copy.
This has a wealth of information about all of the components
that are built into an astronautʼs protective clothing. There is
also a wall chart that supplements the Guidebook.  The
Guidebook explains in depth the elements depicted on the
wall chart in both see-through and cutaway perspectives.  To-
gether, the wall chart and guidebook explain the inside work-
ings of the spacesuit and its various components.  

CREDITS: The Spacesuit Guidebook was written by Dr.
Greg Vogt, Oklahoma State University.

EXTRA RESOURCES:
• “Space Explorers Handbook – The Spacesuit” can be

found at http://er.jsc.nasa.gov/SEH/suitnasa.html 
• NASA CORE – videocassette entitled “The NASA

Spacesuit” from the topic “Living in Space.”  This film is
designed for grades 7-adult and costs $15.00.  Go to
http://core catalog.nasa.gov/ITEM.CFM?NUM=006.3-
08V

• Get more information on spacesuits at http://spaceref.
com/iss/eva.wardrobe.in.space.html 

PROCEDURE
Have students put on the ski gloves and perform these tasks:

1. Pick up 10 coins and place in wrapper Time:____________ Time:____________

2. Loop string through washer and tie Time:____________ Time:____________

3. Write name, address and phone with pen Time:____________ Time:____________

4. Assemble bolt, washer and nut, 5 turns Time:____________ Time:____________

5. (Teacher/AEO option) Construct a figure Time:____________ Time:____________
with a toy set like Lego™, Erector™ or Tinker™.

MATERIALS 
(Students or cadets can
work individually or as a
team of two)
1. One pair of ski gloves 
2. One coin wrapper 
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
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Educators and Aerospace Education Officers are invited to participate
in the Aerospace Education Excellence (AEX) Award Program! 

This program is FREE to CAP members.  For more information, go to www.capmembers.com/ae.

• Become a CAP member or AEM and enroll in the AEX program in eServices.
• Select the AEX grade level activity books to receive.

• Conduct the activities and the 2-hour aerospace-related activity.
• Receive certificate for each student/cadet and plaque for classroom/unit.

• Supports the education of America's youth in math and the sciences.
• Assists the Air Force in meeting its educational requirements.
• Keeps the American public informed about aerospace issues.

• Advocates the importance of aerospace technology to the economic health,
security and survival of our nation.

• Increases the quality and quantity of America's aerospace workforce.

For additional information, AFA's Web site is http://www.afa.org.

AFA has $250 educator grants for CAP teacher members that are designed to promote aerospace education 
activities in classrooms from kindergarten to twelfth grades. The program encourages development of 

innovative aerospace activities within the prescribed curriculum. The program also encourages establishing 
an active relationship between the school and the local Air Force Association organization.

To find out more about these grants, go to the www.capmembers.com/ae and click on grants under the AEM column.
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