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READ 
THIS SECTION FIRST

This is a special section that contains mate-
rials 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 2003 and may vary widely .
Take this with you when shopping. To a
clerk, "a picture is worth a thousand expla-
nations!"  

STUFF THAT WORKS!

WingTips

1. Hot Glue Guns -
A large number of AEX
projects require 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!  

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 working 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.  

3. Snap, Breakaway, 
or Utility Knives - 
It has been found that these
knives, usually found in wall-
paper or craft stores, are safe
for cutting 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. 

4. Cable Ties -
These little gadgets have
been around for a long time in
the automotive and electrical
business. They are made of
nylon and are used in several
AEX foam tubing rocket proj-
ects. A bag of 100 -  8 inch
cable ties can be found at
large home repair centers for
a reasonable price.

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 technology" to a model
like the Spirit of St. Louis or
the Wright Brothers' Flyer. 
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6. Foam Packaging Trays -
Commonly known as "meat trays,"
these are used extensively
throughout the AEX activity pro-
gram. They are safe, easy to cut,
easy to hot glue, very strong and
lightweight.  When looking for
packaging trays, take along a sheet of paper .  Select trays
that are between 1/8th and 1/4 inch thick and larger than a
sheet of paper.  Thicker foam trays can be sanded to make
wing shapes.

10. Acrylic Paints -
These are found at hobby and
craft stores and are recommend-
ed for classroom use. Use cau-
tion when buying any paint mate-
rial.  If you have doubts, take a
foam coffee cup with you and
ask the clerk to open the bottle of paint you are considering.
Insert a wood or plastic stirring stick and put a dab 
of the paint on  the bottom of the cof fee cup. Most unaccept-
able paints will eat a hole in the bottom of the cup.  

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 sur-
faces for gliders and other fly-
ing models.  They can be
taped or hot glued to foam
surfaces.

12. Nylon Fish Line -
This strong line is used in several
applications, especially in the proj-
ect called "The Final Approach."
It can also be used to suspend
models from the ceiling-it is strong
enough to hold some large mod-
els and they are almost invisible.
(This makes some models look
like they are flying near the ceiling
of your room.)

13. Drinking Cups -
These make perfect nose
cones for some small paper
rockets.  For some reason,
children seem to have trou-
ble making cones; it has
been found that paper
drinking cups are cheap
and have a way of making
paper projects look better!  

7. Pipe Foam Tubing - 
This lightweight foam tubing is perfect for
small rocket fuselage pieces.  It can be pur-
chased at most major home building cen-
ters. It has been found that models, like the
Goddard Rocket, the SR-71 and the  X-15
all seem to fly best when the fuselage tub-
ing is 14 inches long.  This means you can
then get 4 rocket "bodies" per length.  The
only problem with this tubing is you can't
put hot glue directly on it.  Hot glue will damage the foam.  

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 (free in
most cases).

9. Paint-
In today's classroom, safety is first consideration.  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 class-
room 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 paint-
ing gliders, balloons, airpanes and space
ships.  One nice feature is the ease and safety of water
clean-up.  (Cost varies with brand and quality) 
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14. Fender Washers - Look
closely and if you use your
imagination, you will see
wheels!  These can be used to
make little wheels for old time
airplanes.  They are used in
several applications where the
fender washers act as weight to
a little airplane that slides down
a fish line!  ($4.99 per box of 50)

19. Soda Straws - If you
look closely, you will notice
there are several different
diameters of soda straws.  In
fact, some soda straws will
fit nicely inside others.  In
other applications, they are
used for sleeves to carry a
little plane down a fish line.
(Grab a handful at fast food
places…they usually don't
mind.)

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

18. Power Strips - These work well as an attachment point
for hot glue guns and other low-load plug-in applications.  To
be really safe, it is recommended that teachers and AEOs
consider power strips with built-in circuit breakers. A breaker
will shut down the system if too much of a load is plugged
in.  If this happens, items like glue guns are unplugged one
at a time until the power strip can handle the load.  It is a
good policy to consult the building maintenance technician
or someone who knows the electrical system before starting
a project that requires the use of hot glue guns.  

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-71 and Air Force Academy TG-4A
glider.  For classroom use, templates are copied and distrib-
uted to each student.

16. Plastic Templates - Urban Quint, a retired teacher
in Rifle, Colorado, has a company that makes name
tags, engraved trophy plates, etc.  When he saw the
AEX templates, he came up with the idea that teachers
and AEOs could pre-draw a project airplane on foam
trays before the actual class period activity.  He used a
nameplate engraver to cut out the airplane figure and
when the figure is punched out, it makes a perfect tem-
plate.  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 stu-
dents on task immediately.
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20. Technique Alfa -When
using a snap knife, it is rec-
ommended 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 position. This makes
it much safer for cutting.

24. Technique Echo - Hot glue
and cold glue!  There is little differ-
ence except that one glue stick
melts at a lower temperature and
this is supposed to be a safety
measure.  Both the hot and cold
glue guns have hot tips and even
though they are advertised as
“safer,” low-temp guns have the
following warning on the glue stick package, “Caution:
molten glue and gun nozzle area temperature reaches 250 0

F. Students should be warned of the burn risks.”

21. Technique Bravo -
When cutting with a snap
knife, hold it in your hand,
pointed away from you and
cut with your index finger as
shown.  This method gives
the greatest control.

26. Technique Golf - Do
not apply hot glue to the pipe
insulation foam.  When
bonding fins, wings, stabiliz-
ers, etc. to a piece of pipe
foam, always put the hot
glue on the meat tray materi-
al and then press the piece
onto the pipe foam. 

27. Technique Hotel -
Soda straws can be hot
glued.  In several activities,
it is recommended 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.  

25. Technique Fox Trot -
To keep hot glue guns
from damaging a table top,
it is recommended that
they be placed in foam
meat trays during use.
Glue guns will often leak
glue and setting them on a
meat tray keeps the hot
"ooze" from damaging a
table top.

22. Technique Charlie -
When cutting foam packag-
ing 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.

23. Technique Delta -
When building foam
projects, like the
Goddard Rocket or the
SR-71, always remem-
ber to apply hot glue to
the meat tray parts
only, not to the pipe
foam tubing.
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28 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 toe-nail clippers be
used and that the teacher does the cutting.  The technique
is this:  Cut the excess nylon right down next to the head-
piece. 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.

31. Hobby Knives as Weapons - Unfortunately, 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 num-
bered with the tip of a soldering iron.  At the beginning of
a period, the knives can be checked out and before stu-
dents can leave, each knife needs to be returned and
secured.

29 Technique Juliet - 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 surface 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! 

30 Technique Kilo - To make sanding sticks for a class
or squadron, pick up a handful from a local auto or house-
hold paint store. Get a sheet of #100 sandpaper (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 section of
sandpaper. Cut off just that portion of the paper that is
bonded to the stick. (Check out the children doing this in
the Cessna activity!)
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Our children should know we lead the world Our children should know we lead the world 
in aerospace technology.in aerospace technology.

THEY SHOULD KNOW:

� Start with man's first flight in
kites.  Some historians believe that
the Chinese invented kites around
400 B.C. There is new evidence that
kites were used by South Seas
island natives to catch fish before
the Chinese.  
� The Chinese are credited with
the development of solid fuel rock-
ets, 1220 A.D. This type of rocket
launches the Space Shuttle today. 
� The great works of Leonardo da
Vinci, 1485-1490, should be includ-
ed. Although the technology of his
lifetime would not allow their con-
struction, he designed a parachute,
a helicopter and a flapping wing
ornithopter.
� Daniel Bernoulli (1700-1782)
and Sir Isaac Newton (1642-1727)
developed scientific theories that
were eventually  used as the basis
of flight within the atmosphere.  
� Man's first true powered flight
was in a hot air balloon.  This
occurred in 1783 and the inventors
were two brothers, Joseph and
Etienne Montgolfier, in Paris,
France.
� The first successful manned
free-flight in a heavier than air
machine, 1853, is credited to
Englishman, Sir George Cayley.  
� Otto Lilienthal was the first to
build and fly a glider with true con-
trol. (1891),  It was a primitive hang
glider and steering was by shifting
body weight.  He died in an accident
when his glider stalled and plum-
meted 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. (1902)
� After thorough flight tests, the
Wright brothers built their own
engine and achieved the first con-

trolled, sustained and powered
flight. This occurred on the 17th of
December, 1903.  The craft rose 12
feet in altitude, went 120 feet in
length and the flight took 12 sec-
onds.
� 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 recog-
nized 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 either
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. (1926)
� Dr. Robert H. Goddard is consid-
ered to be the Father of Modern
Rocketry. He learned how to con-
trol a rocket engine by using liquid
fuels. (1926)
� Charles A. Lindbergh made avia-
tion credible. He is the Father of
Commercial Aviation and his epic
trans-Atlantic flight was the begin-
ning of modern air travel. (1927)
� Ameila Earhart helped establish
a  place for women in the world of
aviation. She did this by her pio-
neering achievements and world
records.  (1932-1937)
� The propeller era, which began
with the flight of the Wright brothers,
ended in World War II when the
first jets arrived. A jet engine was
invented and developed by
Englishman Frank Whittle. (Patent-
ed1930-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-pow-
ered aircraft called the Bell XS-1.

The speed of sound is approximate-
ly 761 miles per hour at sea level
and the speed to go into orbit is
18,000 miles per hour.  To reach this
incredible velocity, 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 aero-
space plane. It was known as the X-
15 and was test flown by aerospace
pioneer,  A. Scott Crossfield.  He is
considered by many aviation/space
authorities to be America's first
true astronaut. The X-15 routinely
flew up and back from the edge of
space. (1959)
� The great Space Race was initi-
ated 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 developed to
cut the cost of taking cargo into orbit
and returning to Earth.  The Shuttle
is essentially a space "truck."
� America's satellites are directly
responsible for the "giant leap" in
telecommunications and  weather
technology.  The space program has
brought us closer to being a human
race of "one people" during the last
decades of the Twentieth Century.
� The International Space Station
will be our "stepping stone" to the
stars (today and beyond.)
Incredible new technology will be
developed as a result of the scientif-
ic work planned under the micro-
gravity conditions of space.
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AIR POWER

activity one

OBJECTIVE
To introduce students to  high-performance model rockets that
use a safe, alternative source o f power.

A classic example of how the
interest in model rocketry can
evolve into a very sophisticated
hobby.  Major Ron Gendron, Air
Force C5 Galaxy pilot, and his
son, Spencer, launched this high
performance Aerotech Initiator
rocket over 3000 feet into the
skies near Altus Air Force Base,
Altus, Oklahoma.  Spencer is a
Civil Air Patrol cadet and upon
graduation from high school,
plans to enter the U.S. Air Force
Academy—in the footsteps of his
father.

The Arbor Scientific
Company offers this air-
powered rocket designed
for the classroom and
CAP cadet squadrons.
Notice the valve stem on
the white collar at the
bottom of the rocket. It
can be fired again and
again…with a bicycle
pump!

10
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BACKGROUND

AIR POWERED ROCKETS ARE
GAINING IN POPULARITY

Model rocketry is a very exciting
hobby and literally millions have
been launched since they were

introduced in the sixties.  Aside from the tra-
ditional hobbyist, classroom teachers have
built entire units around model rockets as a
supplement to their regular  curriculum.
Several units of advanced Civil Air Patrol
cadets have gone several steps beyond the
basics to build re-loadable composite fuel
rockets. The possibilities are endless and
the technology seems to be getting better
and better.

NATIONAL SCIENCE
STANDARDS (NRC)

Content Standard A: Science as
Inquiry

Understandings about scientific 
inquiry

Content Standard B: Physical
Science

Motions and forces

Content Standard E: Science and
Technology

Abilities of technological design

Unifying Concepts and Processes
Evidence, models, and explanation

A group of Dakota Ridge (Colorado) cadets prepare for the countdown. Sometimes the rocket will launch when everyone least
expects it. This adds to the excitement.
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Air Burst Rockets claims to be the 
“World’s  Highest and Fastest Air Rockets.”

"IT'S SIMPLE AND SAFE"

In Arbor Scientific's instruction sheet, it gives the
following for a launch sequence:  
1. "Select a launching site clear of obstructions and 

preferably about 50 meters in diameter. Attach the 
Arbor Scientific air pump and adjust the launch pad
to the desired angle.  Set the rocket in launching 
position. 

2. Select the super, high, medium or low thrust wash-
er according to desired altitudes. Snap the thrust 
washer onto the launcher. 

3. Push the rocket completely onto the launcher and 
attach the nose cone. Push the cone on only about
2".

4. Stand sideways to pump and pump until the rocket
automatically launches. 

5. Have a student retrieve the rocket and nose cone.
6. Push the thrust washer out of the end of the rocket

with your thumb or finger and repeat the above 
steps for the next launch ... Again and again, all 

at no cost. 

At the time of this writing, the entire cost of the Arbor
Scientific air rocket system including the rocket launch
pad, rocket, angle wedges, and shipping, was $58.11.
Their address is Arbor Scientific, P.O. Box 2750, Ann
Arbor, Michigan 48106. Email is mail@arborsci.com.
Their toll-free number is 1-800-367-6695. The web
address is "arborsci.com."

THE AIR BURST ROCKET

A company by the name of Mondo-Tronics, Inc.,
produces an excellent air rocket called the "Air Burst"
and specifically, their projectile is known as the Pulsar.
The rocket is launched using a bicycle pump, much like
the others; however, a small wafer is required for each
launch.  When the pressure, from the bicycle pump is
applied, the wafer will eventually rupture and this sends
a surge of air into the tube that holds the rocket.  The
rocket launches and when the whole process is ready
for another launch, another wafer has to be installed.
The small wafers are the only expense associated with
the launch, and they are far less expensive than a solid-
fuel engine.  

Mr. Roger G. Gilbertson, of Air Burst Rockets, has
given Civil Air Patrol permission to reprint his article,
"It's Rocket Science."  Using some "not-so-scary" equa-
tions, he shows the rocketeer how to calculate the alti-
tude of an air-powered rocket.   If a teacher or AEO
wishes to learn more about Air Burst Rockets, they may 
contact Mondo-Tronics at 1-800-374-5764. They're
great!!!

The Arbor Scientific system has four "thrust washers" that are
attached to the top of the launcher. These are snapped into posi-
tion and then the nosecone is mounted on to the top of the rock-
et. Once everything is snapped into position, the launcher is
attached to the hinged platform using two wing nuts.  

12
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THE ESTES AIR ROCKET SYSTEM

The Estes model rocket company, a pioneer in
model rockets since the sixties, has entered the air
rocket market with an excellent ground launch air rock-
et system.  Their advertising on the box art claim alti-
tudes of 250 feet or more than l76 meters high.  

The GL-X2000 comes with two rockets for initial
experimentation, or if the teacher/AEO elects, there is
a class pack available.  Ms. Ann Grimm, Director of
Education for Estes-Cox Corporation, has developed a
very comprehensive curriculum around the air powered
rocket program.  If you wish to contact Ms. Grimm, the
toll-free number is 1-800-820-0202 and her extension
is 270. The program is well done and will add great
excitement to any science, math or technology class
from K-12.

The Air Burst Launcher System is not as hefty as the Arbor
Scientific apparatus, but it is very portable and easily carried to
an open area. The red "wafer," as shown in the insert above, is
required to seal the system.  A bicycle pump is used to raise
the pressure and once it reaches the point where the wafer will
rupture, a blast of air shoots the rocket skyward. 

The Estes Air Rocket launch system has one advantage over
the others, it has it's own pump.  The Estes System also has a
very safe, soft rubber nose cone that cushions it against any-
thing that it impacts upon landing. 

The one major drawback to any air rock-
et is the initial investment.  The cost, on aver-
age, is around $30 for a launcher; however
the rockets can be fired again and again with
little or no cost.  In the next activity, we're
going to scratch-build an air-powered rocket
that can be launched from a commercial
launcher.  Each student or cadet gets a
chance to go "higher, faster, and farther!"  It's
great fun!

13
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activ1t~

SCRATCH-BuILT AIR ROCKET
USING THE AIR BURST LAUNCHER

OBJECTIVE
To teach the AEO or AEM how to use card stock paper and a
Styrofoam™ nose cone to make their own air rocket. There is a great
learning experience in building your own little aerial hot rod.

The completed rocket attached to the
Air Burst Launcher ready to fly!



BACKGROUND

PROCEDURE

Air rockets are catching on
in a big way and kids like
to make their own cus-

tom versions. Air rockets don't
usually have a recovery system,
therefore, the teacher/AEO must
have them build something that
is safe. It is advised the (1) air
rockets be shot so they will land
on grass and (2) nose cone be
made of something that will not
hurt anyone when it comes
down. That's why the author
chose a Styrofoam ™ Easter egg
for the nose cone.

1

NATIONAL SCIENCE STANDARDS
(NRC)

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

Content Standard B: Physical Science
Motions and forces

Content Standard E: Science and
Technology

Abilities of technological design

Unifying Concepts and Processes
E:vidence, models, and explanation
Form and function

MATERIALS
1. One sheet of card stock paper will do two rockets.
2. A good quality white or yellow glue is required. It is not

recommended for teachers and AEOs to use CA
(CYANOACRYLATE OR Super Glue) on the model.

3. Scissors.
4. A hot glue gun.
5. A Styrofoam" Easter egg.
6. Transparent or translucent household tape.
7. Air launcher such as Air Burst or Estes.

2

Roll the card stock tight against the launch
tube then mark a line where the rolled edge
meets the inside of the paper.

When this is removed, the area that is on the
outside of the mark is where glue will be
applied.

The card stock is cut in half lengthwise.
Next, one of the halves is rolled around the
launch tube several times to give it a curved
shape.

3



The egg is shaped so that it fits snugly into
one end of the tube. It takes a while but it is
important that the egg seal the tube with
almost a "press fit."

This is the tricky step. Just roll the paper
around it tightly so that the glued edge is in
a nice straight line. A piece of tape can be
used to hold the edges together. The paper
tube can be taken to the edge of a table and
rolled back and forth to help give it shape.

When you get to this stage, sand and fit,
sand and fit, sand and fit until you have it
just right.

The fins are easily made using cardstock
and scissors. First fold a piece of cardstock
in half and cut out three fins. Note the tabs
at the bottom. These will be the attachment
pieces that bond to the body of the rocket.

Once the tube is dry, you're ready to install
the Easter egg nose cone. A paint stirring
stick with a piece of #60 -#100 grit sandpa-
per glued to it, works very well in shaping
the egg. This is explained in more detail in
the WingTips section, #29, Technique Kilo!

7

8

Once the egg can be fitted snugly, it's time
to glue it into position. It is recommended
that this be done with a hot glue gun. This
will make a very tight seal and it will take
many hard landings after launch.

9

The nose cone is now shaped to a nice
smooth curve-both aerodynamic and
safe!

Once cut out, the fins should look like this.
The area above the tabs (inside) should be
glued together.

111 112

The fins are now mounted to the paper tube
at an angle of 1200 from each other. The
fins can be bent and straightened to make
them come out looking like real fins!



This will give the builder a pretty good idea of how the rocket
whould look in comparison to the launch tube.

The rocket is mounted to the Air Burst system and ready for launch.
Simply pump up a little pressure into the launcher and see just how
high the rocket can go with the altitude tracker. A "whold lotta fun for
not much money!"

ADDITIONAL IDEAS:

Compare this rocket with the Air Power rocket in Activity One. Using the same amount of pres-
sure, use an altitude tracker to tell the height your rocket went. What variables influence the
flight of your rocket?

PSI (pressure applied) Altitude of Commercial Rocket Altitude of Scratch-Built Rocket

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.



activity three

OBJECTIVE

To introduce students to the International Space Station as a topic of
study.  The secondary objective is to build a model of the ISS that
will hang in a classroom, or meeting site, in the form of a mobile.

Photograph courtesy of NASA
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BUILDING THE INTERNATIONAL
SPACE STATION
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NATIONAL SCIENCE STANDARDS 
(NRC)

Content Standard F: Science in Personal and
Social Perspectives

Science and technology in local, national,
and global challenges

Content Standard G: History and Nature of 
Science

Science as a human endeavor

Unifying Concepts and Processes
Systems, order, and organization

BACKGROUND 

The first module of the International Space Station, known as Zarya, was placed in orbit on
the 20th of November, 1998, by a Russian Proton Launch system. On December 3, of that
year, a second module, known as Unity, was put into orbit by our Space Shuttle and the

two units were joined together. 

This was the culmination of a long, turbulent process of funding problems and international
cooperation. Actual planning began in the eighties; however dominance of the program by the
U.S. didn't set well with many of the countries scheduled to be involved in the project. Over a
period of several years, projected costs forced many of the potential partner nations to withdraw
support and funding. A continuous down-sizing and arguments over its mission almost brought
about cancellation of the project.

In 1993, President Clinton gave NASA the task of reorganizing and restructuring the ISS pro-
gram. Using expertise and existing space hardware, the US and Russia were able to cut pro-
jected costs by nearly 40%. 

The U.S. was able to negotiate an agreement with Russia as a result of this new partnership-
the former Soviet Union agreed to stop the sale of ballistic missile components to other coun-
tries and to maintain strict control over the export of strategic weapons technology. Another ben-
efit was the expertise and technology gained by the Russians from their experience in long term
manned flight aboard the MIR space station. If all goes according to plan, a fully operational
Space Station will be ready by the year 2004.

19

Astronaut Helms looking out
the porthole of Destiny March
31, 2001. (NASA photo)
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MATERIALS

The class can build this in stages; however , it
is recommended that the instructor get all of the
supplies together ahead of time.  These include:
a. At least a dozen long bamboo skewer sticks.  

These can be purchased at grocery stores.
b. One or two large soda straws are required.
c. 6-8 foam meat trays, preferably the ones that 

have one side "waffled."  Usually, meat mar-
kets have these available.  If you will shop 
around, waffled trays can be found in blue and
that makes the PV array panels more realistic!

d. A length of pipe foam insulation, similar to 
the kind used in the Goddard Rocket, will be 
needed to make the modules.  Toilet paper 
or kitchen paper towel cylinders can be used 
for modules.

e. The tubular modules can be capped with black
or gray 35mm film canister caps.  

f. A roll of high-strength packaging tape will be 
used to hold the "station" parts together.

g. A length of nylon fish line can be used to hang
the ISS from a ceiling in a classroom or CAP  
squadron.

h. Hot glue guns can be used to bond tubes 
and end caps.

i. Epoxy glue works very well to bond areas that
tend to get broken easily.

PROCEDURE 

The instructor is urged to follow this sequence of con-
struction:

1. The bamboo skewer sticks are "stacked" togeth-
er for the integrated truss assembly  component 
shown in the "International Space Station 
Assembly Complete" illustration.

2. These skewer sticks (4-6) are first taped together 
in the center to hold them in a bundle.   This is 
done by wrapping them with a long, single piece 
of packaging tape.

3. If your bundle isn't too bulky, you should be able 
to push a large soda straw over the bundle cover-
ing the tape.  Check the illustration and you will 
see how it is supposed to look at this stage.

4. Using a hot glue gun, bond four skewer sticks at 
the positions shown on the illustration.  These will 
be the frames for attaching the PV Array Panels.

5. Cut out at least 8 PV Array Panels from your sup-
ply of foam meat trays. These are 9 inches long 
and about 2 inches wide.  

6. The PV Array Panels are bonded to the bamboo 
skewer sticks as shown in the illustration.

7. Lengths of pipe foam tubing are used to make the 
main modules.  Use the illustration as a guide.

8. Film canister lids are used to "cap" the open foam 
tube "modules."

9. Using the ISS Assembly Complete illustration as 
a guide, students can make more modules and 
arrays to improve accuracy.  

10.  Once complete, nylon fish line can be used to 
hang this replica in a classroom.  

20

Astronaut Hadfield working with Canadian Remote
Manipulator Sustem constructing part of the ISS April 22,
2001. (nasa photo)

Nov. 28, 2002 -
Astronaut
Michael E.
Lopez-Alegria,
works on P1
Truss on ISS.
(NASA photo)
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This is a guide to the basic construction of the ISS. It is recommended that teachers and AEOs build the station in stages so that
students can study each module as an individual lesson. Cylinders made of cardstock or those found in paper products work
quite well. Foam tubing was used because it is very light and weight is a factor in how the ISS "mobile" will look when completed.

1. By using library, or Internet sources, students can
study each component as it is built into the ISS.

2. This project can be expanded using clear plastic 
soda pop bottles. The smaller Coke® or Pepsi® 
bottles can be used instead of the foam pipe insu-
lation material. Bamboo is very strong and will 
support quite a bit of weight. To keep the main 
Integrated Truss Assembly from bending with the 
additional weight, it is recommended that more 
sticks be used. 

3. Each of the larger bottles can be filled with tiny 
"Astronauts" and equipment so that students can 
see what each module is being used for. The 
complexity depends upon the age level of students
involved in the project.

4. Teachers and AEOs are urged to use the "Gallery" 
section of Boeing's web site to see some very dra-
matic images of the Space Station. Select "search"
and type in Boeing.com. This site has a tremen-
dous amount of informaton about the ISS. 

18 1/2”

9”x 2”

Bundle of 4
Skewers

Solar array panels are hot-
glued to these sticks first. The

sticks are hot-glued to the
truss assembly at the “X”.

PV Array panels
are cut from
blue or white
foam trays.

Bundle of 4-6
Skewers

Large
Soda Straw

Film Can
6” Tube

6” Black Foam

2 1/2” 
Black Foam

Film Can
Cap

26”

DISCUSSION
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RESEARCH QUESTIONS:

(Use Boeing’s site at www.boeing.com/defense-
space/spacestation/sitemap.html or http://school.
discovery.com/schooladventures/spacestation to
answer questions.)

1. Once assembled, what would the volume of the 
pressurized living and working space aboard 
the International Space Station compared to 
current aircraft? (The passenger cabin and 
cargo hold of the 747-400.)

2. What launch vehicles will be used to haul the 
parts of the Space Station into orbit? (U.S. 
Space Shuttle and the Russian Proton and 

Soyuz rockets.)
3. What is the purpose of two of the computers in 

the U.S. Laboratory module? (They are dedicat-
ed to keeping the station in proper orientation 
(attitude) as it orbits the Earth once every 90 
minutes.)

4. What countries make up the European Space
Agency (ESA)? (Belgium, Denmark, France,
Germany, Italy, the Netherlands, Norway,
Spain, Sweden, Switzerland, and the United
Kingdom.)

5. What areas of science are being done on the 
ISS? (Microgravity, Research and Technology,
Space Product development, and Space Science.)

Illustration of the Complete Assembly of the International Space Station

Port PV Arrays
(US)

Sciende Power Platform
Photo-Voltaic Arrays

(Russia)

Service Module
(Russia)

Russian-built
SGB (US)

Thermal Control
System Radiators

(US)

Starboard
PV Arrays

(US) Hab Module
(US)

SS RMS
(Canada)

Lab Module
(US)

COF Module
(ESA)

Centrifuge
(US)

JEM Module
& Experiments

(Japan)

Integrated
Truss Assembly

(US)
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6. How do astronauts aboard the Space Station 
communicate to students on Earth? (Astronauts
communicate over ham radio which is spon-
sored by ARISS (Amateur Radio on the 
International Space Station.)

7. What does a typical work day consist of for 
astronauts aboard the Space Station? (In a typ-
ical workday, crewmembers will spend 14 hours 
working and exercising, 1.5 hours preparing 
and eating meals, and 8.5 hours sleeping.)

8. How high above the Earth does the Space 
Station orbit? (250 miles.)

9. What does the Space Station mean for the 
future of space travel? (If humans are to travel 
to other planets, such as Mars, we must under-
stand the effects of such long journeys on the 
human body. The Space Station will allow scien-
tists to understand these effects and study solu-
tions for long-term space travel.)

10. How fast does the Space Station travel and how
long does it take to orbit the Earth? (The Space 
Station travels at 17,500 miles per hour and it 
takes 90 minutes to orbit the Earth...that’ s 16 
times a day!)

23

The International Space Station, back-
dropped against the blackness of space
and Earth’s horizon, was photographed
through an aft flight deck window fol-
lowing separation from the Space
Shuttle Atlantis. The orbiter pulled away
from the complex at 8:13 a.m. (CDT) on
October 16, 2002.

The Internatinal
Space Station
viewed from the
undocked Space
Shuttle Endeavour
Dec. 2, 2002.
(NASA photo)
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activity four

OBJECTIVE
To download free NASA aerospace education software from the internet
and then use it in the classroom or squadron.

BACKGROUND

In an effort to foster hands-on, inquiry-based learning in science and math, the NASA
Glenn Research Center has developed a series of interactive computer programs for
students. All of the programs are Java applets which run in your browser, on-line, over

the World Wide Web. The programs can also be downloaded to your computer so that you
can use them without being on-line. The programs are in the public domain and are 
constantly being modified and upgraded based on your input. This website is
http://www.grc.nasa.gov/WWW/K-12/freesoftware _page.htm

NATIONAL SCIENCE STANDARDS (NRC)
Content Standard E: Science and Technology 

Abilities of technological design

Technology Standards (ITEA)
1.  Students will develop an understanding of the characteristics and 

scope of technology.

FREE MOVING INTERACTIVE
AEROSPACE SOFTWARE

24
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FoilSim II: (80KB) FoilSim II computes the theoretical lift of a variety of airfoil shapes. The
user can control the shape, size, and inclination of the airfoil and the atmospheric conditions
in which the airfoil is flying. The program includes a stall model for the airfoil, a model of the
Martian atmosphere, and the ability to specify a variety of fluids for lift comparisons. The pro-
gram has graphical and numerical output, including an interactive probe which you can use
to investigate the details of flow around an airfoil. 

CurveBall: (39KB) Using the CurveBall applet, students learn more about aerodynamics
by controlling the conditions of a big league baseball pitch. You can vary the speed of the
pitch, the spin on the ball, the release point, and the location of the stadium which affects the
atmospheric conditions and the amount of curve on the ball. The program will compute balls
and strikes and tell you how far your pitch passes the center of the plate. 

EngineSim: ( 455KB) EngineSim is a simulator that models the design and testing of jet
engines. The program works in two modes: Design Mode or Tunnel Test Mode. In the Design
Mode, you can change design variables including the flight conditions, the engine size, the
inlet performance, the turbo machinery compressor and turbine performance, the combustors
or burner performance, or the nozzle performance. For a turbofan engine design you can also
vary the fan performance and the bypass ratio. When you have a design that you like, you
can switch to the Tunnel Test Mode which simulates the testing of a jet engine on a test stand.
You can then vary the test altitude, flight speed and throttle setting. Several existing engines
are also modeled in EngineSim.

RangeGames: (487KB) This program presents a variety of multiple choice math and
physics problems involving aircraft performance. The student can choose from several differ-
ent types of aircraft and must answer questions about the range, fuel usage, acceleration,
velocity and location of the aircraft during take-off. RangeGames can record your answers for
teacher evaluation, or you can just play for fun. 

RocketModeler: This program lets you design and study the flight of a model rocket. You
can vary the size of the rocket, the number of fins, and the materials used to construct the
rocket. You can choose from a variety of available model rocket engines and test fly your rock-
et on the computer. The program computes the stability of your design and the flight trajecto-
ry. Output includes the maximum altitude which the rocket achieves. You can then compare
the computed and actual performance of your model rocket. 

KiteModeler: This program lets you design and study the flight of a kite. You can select
from five different types of kites and then vary the length, width and types of materials used
to construct the kite. You then trim the kite by setting the length of the bridle and tail and the
position of the knot attaching the control line to the bridle. Finally, you test fly your kite on the
computer by setting the wind speed and the length of control line. The program computes the
aerodynamic forces, weight, and stability of your design and the shape of the control line as
it sags under its own weight. Output includes the maximum altitude which the kite achieves.
You can then compare the computed and actual performance of your kite design. 

AtmosphereApplet: This program lets you study how pressure, temperature, and den-
sity change through the atmosphere. You can study the atmosphere of the Earth or of Mars.
Since speed of sound depends on the atmospheric gas and the temperature, you can also
output the local speed of sound and the Mach number for a selected aircraft velocity. You can
either input a selected altitude, or change altitude using an aircraft slider. 

KiteModeler

AtmosphereApplet

CurveBall

EngineSim

RangeGames

RocketModeler

FoilSim II

It’s time to fly down the information superhighway!
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BUILDING THE SPACE SHUTTLE

OBJECTIVE

To introduce students to the science and technology behind America's "Space Truck!"

The Completed Space Shuttle

NATIONAL SCIENCE STANDARDS
(NRC)

Content Standard B: Physical Science
- Motions and forces

Content Standard E: Science and Technology
- Understanding about science and technology

Content Standard F: Science in Personal and Social Perspectives
- Risks and benefits

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



I

BACKGROUND

The Space Shuttle, or STS (Space Transportation System) was built to haul
cargo into space and then return for another load. This "system" was sup-
posed to be much more cost effective than launching a non-returnable rock-

et every time something needed to be put in orbit. By reducing costs, NASA hoped
to continue its space program with less expense to the taxpayer. This was done by
equipping the spacecraft with external jettisonable fuel tanks and a body that would
glide back to Earth after a mission. When refueled, and reloaded, the craft was
ready to fly back into space on another mission.

Once in orbit, crewmembers can open its cargo bay and payloads, such as satel-
lites, can be put into space for use by humans back on Earth. This includes a vari-
ety of civilian and military payloads. The first Shuttle actually flew back in 1977 as
part of its test program. The first actual space flight of the Shuttle occurred on April
12, 1981. It was known as STS-1 Columbia and spent a total of 54 hours on the
mission. The crew on this historic flight consisted of John Young and Robert
Crippen. The STS-5 was considered to be the first operational mission because it
carried two satellites for paying customers. The satellites were for the purpose of
telecommunications.

There have been two tragedies involving Shuttle flights. The first happened on
January 28, 1986 when the spacecraft Challenger exploded shortly after takeoff.
The crew consisted of Ellison Onizuka, Greg Jarvis, Judy Resnik, Mike Smith,
Francis Scobee, Ron McNair and the first "Teacher in Space," Christa McAuliffe.
After two years of inactivity, investigation and changes in equipment technology, the
Shuttle resumed flight with the successful launch of Discovery.

On the morning of February 1, 2003, STS -107, the Space Shuttle Columbia, was
lost during re-entry into the atmosphere. Crewmembers Rick Husband,
Commander; William C. McCool, Pilot; Michael P. Anderson, Payload commander;
David M. Brown, Mission Specialist 1; Kalpana Chawla, Mission Specialist 2; Laurel
Blair Salton Clark, Mission Specialist 4; and /Ian Ramon, Payload Specialist 1 all
perished in flight.

Over the past twenty years, the Space Shuttle has kept the United States ahead in
aerospace technology. One of its greatest achievements is the role the Space shut-
tle had in the construction of the International Space Station. The Space Shuttle is
truly an engineering masterpiece and it has advanced technology far beyond eetti-
er expectations.



MATERIALS

1. The construction of the Space Shuttle is
quite similar to the Goddard Rocket and the
SR71 featured in earlier AEX publications.
The builder will need first a large meat tray
for making the wings and vertical fin.

2. A pipe foam insulating tube that is about 14
inches long works well for the fuselage.

3. A hot glue gun will be needed to bond the
wings and fin to the fuselage.

4. A #64 rubber band and two cable ties are
needed to make the launching "system."

5. A hobby, utility, or snap-knife will be
needed to cut out the parts.

PROCEDURE

1. First, study the illustration to
get an idea of the overall con-
struction.

2. Note that the fuselage is cut to
accept the wing. This is not
necessarily required, but it
gives a better flying model. If
you are working with younger
students, it might work better if
the wing is glued directly to the
uncut fuselage.

3. The first step is to cut out the
wings and vertical fin from a
smooth meat tray. The tem-
plate is included in this activity.
Make copies for each student
(cadet) so they can cut out the
parts.

4. Cut a piece of pipe foam insu-
lation to a length of 12-14 inch-
es. The longer it is, the better
it seems to fly.

I

5. If you are going for the cut ver-
sion, slice off a small section of
the aft portion of the fuselage.
Try to make your cut as
straight as possible.

6. Using a hot glue gun, apply glue
to the wing as shown in the illus-
tration. This is a tricky step
because so much glue is used.
Make sure that you have a rela-
tively new hot glue stick (so you
don't run out in the middle of the
process). Also make sure your
gun is hot and oozing glue out
of the nose. You have to really
pump the glue on to the wing to
make enough so that it creates
a strong bond with the fuselage.
As stated in the WingTips sec-
tion, don't apply glue to the
black foam fuselage .... just to
the white meat tray foam.

7. Now apply the vertical fin.
Make sure it's at right angles to
the wing.

Thetemplateis placedonthemeattrayand
thewingsandverticalfin arecutout.

Thelongerpipefoampieceseemsto endup
flying better. Fourteeninches is recom-
mended.



This is optional. The wing can be glued
directly to the round fuselage or to the cut
out area.

Gluing the wing to the fuselage is a tricky
procedure.

Another cable tie can be substituted for the
plastic ring washer.

The rubber band is tied to the ring.

The rubber band and ring (or cable tie) are
stuffed into the nose of the fuselage with
about 1.5inches on the outside.

A cable tie is wrapped around the fuselage
about 3/8ths of inch from the front.

8. The next step is to prepare the
launching mechanism. It is sug-

gested that you use a plastic
washer, or another cable tie,
around the rubber band as
shown. This provides a mass
so that when the rubber is
stretched, it won't be pulled out
of the nose of the Shuttle model.

9. Stuff the rubber band and wash-
er back into the fuselage as
shown.

10. Using a cable tie, wrap it around
the nose about 3/8ths of an inch
from the nose end.

11. Make sure that about 1.5 inches
of rubber band sticks out and
the washer is on the backside of
the cable tie.

12. Pull on the cable tie with force.
Cinch it down tight.

13. Cut the tail off of the cable tie.
14. It is highly recommended that

you put a glob of hot glue on the
cable tie.

15. Launch the Shuttle by putting
one thumb in the tailpipe and the
other thumb stretching the rub-
ber band. If you did it right, the
Shuttle should go at least 30

11& 12
The cable tie is cinched down tight around
the rubber band.

Though the plane to the left that is being fired by
the cadet is not the Space Shuttle, the method for
firing it is the same.

ADDITIONAL IDEAS

Hypothesize how your Space Shuttle model would behave in the
microgravity of the Space Shuttle in orbit. Use NASA's "Toys in Space"
program to draw data from and experiment with different toys. Discuss
what makes them work and how they might behave if played with on
the Space Shuttle.

NASA's "Toys in Space" can be found at: http://spacelink.nasa.gov/
Instructional. Materials/NASA. Educational. Products/T oys.ln. Space.llI.



OBJECTIVE 

A wind tunnel is a great test device and the purpose of this activity is to build an
inexpensive model that can be constructed as a classroom or squadron project.

BUILDING THE NASA 
WIND TUNNEL

A Great
Scientific Tool -
For A Cost of

About 50 Cents

activity six
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BACKGROUND

The Wright Brothers, Orville
and Wilbur, built a wind tun-
nel to test various wing

shapes (airfoils) and to gather
important mathematical data for
the construction of their full scale
glider wings.  This data proved to
be one of the most important ele-
ments in the success of their proj-
ect test.  Wind tunnels have since
been used to test not only aircraft,
but automobiles, high speed trains
and boats.  With a few restrictions,
wind tunnels can provide scientists
with important information that is
directly applicable to the actual
performance of the vehicle as it
encounters the relative wind on
the road, on the water or in the air .   

NATIONAL MATH STANDARDS
(NCTM)

Measurement Standard
- Understand measureable attributes 

of objects and the units, systems, 
and processes of measurement.

- Apply appropriate techniques, tools, 
and formulas to determine meas-
urements.

Data Analysis and Probability Standard
- Formulate questions that can be 

addressed with data and collect, 
organize, and display relevant data
to answer them. 

Problem Solving Standard
- Build new mathematical knowledge 

through problem solving.

Note: This activity and Activity Eight
should be done together.
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Cutting
line

Here are the dimensions of
the cardboard pieces based on
“x” being one of the sides of a
box window fan. Follow the
photo sequence to build it and
when complete you will have
an impressive, strong test
chamber. 

To build the NASA wind tunnel, you will
need to collect some easily-obtained
materials.  These include:

1. Sheets of clean cardboard
2. Clear packaging tape
3. Transparency film (like teachers use

to demonstrate something on an 
overhead projector.)

4. Marking pen (a Sharpie® was used 
by the author)

5. A meter or yard stick

6. A three-speed box-shaped window 
fan

7. Quality scissors capable of cutting 
cardboard  (A carpet-cutting knife 
was used by the author, but this 
instrument should only be used by a
skilled adult.)

8. String
9. 2 chairs of equal size

10. Safety goggles
11. Elastic cord (like those found on 

party hats)

MATERIALS

x

Upper and Lower
Deflector Panel

x/3

Box/Window Fan
Test Chamber Open With
All Four Sides Showing

One Side of 
Test Chamberx/2

x/3

A

B

B B B B

x
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E- Drag-Force
Test Gauge

Meter Stick

Observation
Windows

Cardboard
Panels

Test Chamber

Lower
Deflector

Box/Window Fan

Upper
Deflector 

A

A

A

A

A

A

A

B
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PROCEDURE:

Author's Note: One of the most
difficult tasks in the construction of
this project is the cutting of the card-
board pieces. I would recommend
that the builder (teacher with helper)
work on a table top with a large
piece of cardboard protecting the
surface.  For cardboard, I went to a
shop and picked up three boxes that
are used to ship bicycles.  Then I
went to a hardware store and
bought a knife used to cut carpet.
These are very strong and razor
sharp-but they make the job of cut-
ting the panels much easier than
scissors.  Be very careful, not only
in cutting the cardboard, but for
paper cuts as well.  Cardboard is
tough!

Using a marking pen, outline the box fan on
one of your cardboard sheets.

When using bicycle boxes, be careful you
don't end up with a panel that has a grab
handle hole. If you do it by mistake, tape
over the hole using clear packaging tape.

Carpet cutting knives work very well on
cardboard but be very careful. It is recom-
mended that only adults use these razor-
sharp cutters.

And here's the first of eight panels.

Once the template is perfect, other panels
can be replicated.

When the panels are cut carefully, they
should be evenly matched.

The panels can now be bonded from the
inside with clear packaging tape.  

A window will have to be cut out of one of
the upper panels.

This one is being cut out of the middle sec-
tion panel.

1

2

3

8

9

10

4

5

6

7
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A yard or meter stick is used to get the exact
width of the box fan.  If the box fan is 21" on
each side, a template must be made so that
two lines taper to a 7" line at the center of
the bottom. 
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Here's what the windows will look like in the
finished wind tunnel.

Once the window is cut, a sheet of over-
head projector clear acetate is cut and
placed over the hole.  A piece of masking
tape worked well to hold it in place.

The same procedure is used to make an
observation window for the larger upper
panel.

11

12

13
14

35

The same procedure is repeated on the upper and lower deflector panels.  Clear packag-
ing tape is used all around except a bit of color can be added by using blue masking tape
to cover up the edges where it all comes together .

The test chamber is taped from the inside as shown.  Then, the pieces are folded into a box
and the remaining seam is taped from the outside.
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OBJECTIVE 

In this activity, we use several objects to test their drag in our NASA wind tunnel.

activity seven

AERODYNAMIC TESTING USING
the NASA WIND TUNNEL

36
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NATIONAL SCIENCE STANDARDS (NRC)

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

Content Standard B: Physical Science
Motions and forces

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

Unifying Concepts and Processes
Evidence, models, and explanation
Constancy, change, and measurement

MATERIALS

For this activity, you will need
cardboard, a paper clip, a
marking pen, masking tape, a
hobby knife and some elastic
cord.

PROCEDURE

1. Cut out a 10 cm x 10 cm square 
from a piece of light cardboard. The 
one used by the author was taken 
from the back of a spiral note pad.

2. Punch a 1-mm hole in the card-
board, centered 3 cm from the top.

3. Get a piece of elastic (like a party 
hat) that is approximately 15 cm 
long.  Double it over to form a loop.

4. Thread the two loose ends 
of the elastic through the 
hole in the card and hold 
them in place with a piece of
tape.

1

2

3

4

4

5. Mark the center of the card.
6. Beginning at the center 

point, draw a solid line to the
right edge. 

37
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7. At 2 mm intervals, draw 5 lines 
above and 5 below the center 
line that was just drawn.

8. Using a small piece of lighter 
cardboard, cut an equilateral 
triangle with each side equal 
to 2 cm.  Cut two slits in the 
triangle and place the elastic 
through the slits.  Center the
point of the triangle on the 
centerline.

9. Bend a paper clip 90 degrees 
to form a guide for the elastic.

10. Attach the paper clip to the 
center of the bottom edge with 
tape.  Slip the elastic through 
the loop of the paper clip.

11. Tape the top edge of the card 
to the center of the meter/yard 
stick. (See example in activity 
7. The picture at bottom right 
shows how to attach the 
gauge and the piece being 
tested to the yard/meter stick. 
However it will be inside the 
tunnel when the fan is turned 
on.)

12. Using the patterns, cut out 
each shape and tape together.

13. Attach nylon fishing line to 
each polyhedron shape to be 
tested with a hot glue gun.

Testing the Polyhedron
Patterns for

Aerodynamic Drag
1. Students/Cadets will test each 

shape 3 times at each of the 
fan speeds.

2. Attach the tetrahedron to a 
string at the end of the elastic 
loop so it can be seen through 
the window of the test chamber.

3. Note the position of the gauge.
4. Start the fan on low speed. 

Read the amount of elastic 
stretch by using the gauge.  
The stretch measurement is the
drag force exerted by the wind.

5

6 & 7

8

9

10

12

13

13

11
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5. Record the drag in Table B on 
the Student Data Worksheet.

6. Turn the fan off and make sure 
the gauge registers at the cen-
terline.

7. Turn the fan back on at the 
next higher speed. 

8. Continue to test each shape 3 
times, one at low, one at medi-
um, and one at high.

9. Calculate the mean, median 
and mode for each of the poly-
hedrons.

10. Record the data on Table C of 
the Student Data Worksheet.

11. Using the data recorded in 

Table B, graph the mean of 
each polyhedron at low, medi-
um and high speeds using the 
Graph of the The Drag work-
sheet.

Analyzing the Data

1. Do the shape, mass and posi-
tion of the objects in the wind 
tunnel affect the drag?

2. Which factor (shape, mass, 
wind speed, or drag) is the 
constant?

3. Which objects experienced the 
least and most drag? Why?

4. Do the direction and speed of 
the wind flow affect the drag on
the objects?

5. In which part of the wind tunnel
is the wind speed fastest? 
Why?

6. What is the importance of
using a wind tunnel for the
design of aircraft?

7. What other objects can be test-
ed in a wind tunnel?

8. Describe the relationship 
between the shape of the 
object and the drag created. 

Answers to “Analyzing the
Data” questions:

1. Yes, because each will affect 
how much force is exerted on 
the object.

2. Mass is the constant through-
out the activity. Constants are 
needed to eliminate external 
factors and maintain the only 
two variables: The independent
factor, the one that is changed, 
and the dependent factor, the 
one that is observed.

3. See your results in table C.
4. Yes, because the direction of 

the wind will hit different surface
areas of the various shapes.

5. The wind speed is fastest in 
the test chamber because the 
wind is passing from a larger 
chamber to a smaller one.

6. Wind tunnels are used to test 
the design and viability of air-
craft and other objects before a 

full-scale version is built.
7. Cars, wheelchairs, hurricane-

proof homes, buildings, and 
parafoils can be tested in a 
wind tunnel.

8. Reducing the object’s surface 
area in the wind flow lowers the
drag value.

ADDITIONAL IDEAS

CAREERS: Go to http://edu.larc.nasa.gov/connect/tools/ca1.html and read about the
lives of several NASA professionals and the educators that inspired them. Then, write about
your accomplishments and dreams and who inspired you. 

39
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CONE
Cut out the shape, bend on the dotted lines, and
tape the edges together.

ASSEMBLED CONE

String

40
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Cube
Cut out  the shape, bend it on 
the dotted lines, and tape the
edges together.

Assembled Cube

String

41
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Assembled Pyramid

String

Pyramid
Cut out  the shape, bend it on 
the dotted lines, and tape the
edges together.

42
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Tetrahedron
Cut out  the shape, bend it on 
the dotted lines, and tape the
edges together.

Assembled Tetrahedron

String

43
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FAN SPEEDS

Low Speed Medium Speed High Speed

Test 1

Tetrahedron

Pyramid

Cube

Cone

Test 2 Test 3 Test 1 Test 2 Test 3 Test 1 Test 2 Test 3

Table 1. Drag Force Value

FAN SPEEDS

Low Speed Medium Speed High Speed

Mean    Median    Mode

Tetrahedron

Pyramid

Cube

Cone

Table 2. Drag Force Value Calculations

Observations:______________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

Used by permission from the Program 1 in the 1999-2000 NASA CONNECT Series
The Measurement of all Things: Tools of the Aeronautics Trade - Lesson Guide

Mean    Median    Mode Mean    Median    Mode

44
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1

2

3

4

5

6

7

8

9

10

Key:
Low Speed = Green
Medium Speed = Blue
High Speed = Red

Directions:Use bars to graph the mean of each shape at low , medium, and high speeds.
Use different colors for each speed.

Graph of the Drag ( Mean)

Low
Speed

Medium
Speed

High
Speed

Tetrahedron

Low
Speed

Medium
Speed

High
Speed

Pyramid

Low
Speed

Medium
Speed

High
Speed

Cone

Low
Speed

Medium
Speed

High
Speed

Cube
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activity eight

!! UN PLANEADOR DE ALTO
RENDIMIENTO!!

OBJETIVO

Armar un planeador experimental de alto  rendimento.

Un Planeador de Altura

46
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ANTECEDENTES

Primeramente vamos a aprender la
diferencia entre un (glider) y un
planeador. Un (glider) es acarreado a

las alturas para luego regresar directa-
mente a la tierra. Un ejemplo podrían ser
los (gliders) empleados durante la Segunda
guerra mundial para remolcar a las tropas
durante el día de la invasión D (D-Day
Invasion). Un planeador (a escala) en la
mano, es acarreado a las alturas en donde
usa la energia del ambiente para mantern-
erse en el aire el mayor tiempo posible.

Si por casualidad vives cerca de un aerop-
uerto que tiene planeadores, no hay duda de
que habrás visto su graciosa belleza durante
el vuelo. Por lo regular sus alas son muy
largas y estrechas y algunos poseen colas
en "V", mientras otros tienen un estabi-
lizador horizontal, colocado en la punta
superior de la aleta vertical. Esta es conoci-
da como la cola en figura de "T". En los
aviones de rendimiento superior se pueden
ver las alas cuando se doblan hacia ade-
lante, dándole una apariencia peculiar como
la de un pájaro aleteando.

Al largo de una ala de un extremo al otro se
le conoce como el (span). La distancia
desde el frente o la orilla frontal hasta la oril-
la trasera se le conoce como el (chord). El
radio matemático entre el (chord) y el (span)
recibe el nombre de (aspect radio). Hace
tiempo se descubrió que mientras más alto
sea el (aspect radio), mayor será la
altura...hasta cierto punto. Para reforzar el
ala mas larga se necesita mayor fuerza, lo
que significa más peso. Es por eso, que el
ala de un planeador dependerá del peso, del
largo y de la fuerza. Hoy en día los
planeadores de alto rendimiento estan
hechos con materiales de tecnología avan-
zada. Uno de los más populares es la fibra
de carbón, teniendo esta lámina la fuerza
del acero con menos peso que el aluminio.

En esta actividad, el constructor deberá
armar un planeador con una bandeja o
charola de unicel para carne. El objetivo es
hacerlo recorrer la mayor distancia posible.
Se recomienda que los maestros y AEOs
realicen competencias con este aeroplano.
Es una gran experiencia de aprendizaje.

NATIONAL SCIENCE STANDARDS (NRC)

Content Standard B: Physical Science
Motions and forces

Unifying Concepts and Processes 
Evidence, models, and explanation

Note: This activity can be used for ESL (English as Second Language) Latino students
to share with their English-speaking classmates an activity for aerospace science. The
class can learn Spanish phrases while they do the activity. 
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MATERALES

El constructor requerirá de una charola
para carne, una najava EXACTO, una lija,
un modelo recortable de papel y una pis-
tola de silicón y hacerlo recorrer la mayor
distancia posible. 

PROCEDIMIENTO

1. Primeramente, el modelo de papel deberá ser colocado sobre
la charola para carne. Se ha descubierto que 
un poco de pegamento para artistas 3M's Photo Mount 
funciona muy bien y detiene el modelo de papel 
mientras es utilizado.

2. La navaja EXACTO es utilizada para cortar todas las partes 
con el método "empuja y jala" descrito en la sección de "tips 
para alas."

3. Cuidadosamente saca cada una de las partes.
4. Enseguida, y utilizando la lija (presentada en la técnica 

Foxtrot  #29, de la sección de "tips para alas"), cuidadosa-
mente lija las orillas para darle a la aeronave formas 
aerodinámica.

5. Con el silicón caliente pega las alas una por una en la posi-
ción que muestra la ilustración.

6. Checa las alas para asegurarte de que estén perfectamente 
colocadas a la misma altura de ambos lados.

7. Ahora coloca el estabilizador horizontal en la posción que se 
muestra en la ilustración.

8. Como puedes ver en la esta ilustración, un centavo (penny) 
ha sido pegado en la nariz del planeador por cuestiones de 
peso.

9. Después de que ha sido perfectmante (cured), las alas 
pueden ser dobladas levemente hacia arriba dándole un 

El pegamento para artistas 3M's Photo Mount ha sido rociado en la parte
trasera del modelo de papel.

Todas las partes deberán recortarse empleando la navaja
EXACTO.

Una vez que las partes son sacadas, deberán lijarse para
obtener orillas curveadas y lizas.

48
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(dehedral) positivo. Se le puede hacer lo mismo al estabi
lizador horizontal.

10. Ha llegado el momento de probar tu planeador . Si la aeron-
ave ha sido contruída correctamente, ¡ planeará por un buen 
tramo ¡.

Your translator has been Ms. Lucia Hurtado a teacher and professional linguist proficient in English, Spanish, Italian, French and
German!  Gracias!

Enseguida, la cola en forma de T es pegada y colocada de tal
manera que el estabilizador horizontal quede al mismo nivel de
las alas. ¡ Haz que parezca real !. Observa el centavo (penny)
que ha sido pegado en la nariz del planeador por cuestión de
peso……..Algunos cambios tales como el doblar las alas hacia
adelante para darles forma de V podrían ayudar a obtener un
mejor rendimiento.

49

Las alas se arman en forma perpendicular al (fuselage) y de
igual manera de ambos lados.
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Can you name
all of the glider

parts in
Spanish?

50
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TEMPLATE FOR T-TAIL FOAM GLIDER
NOTE: The dashed lines are points where hot glue 

is used to attach components

51
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activity nine

CD HOVERCRAFT

OBJECTIVE
Content Standard 8: Physical
Science

Motions and forces
Content Standard E: Science and
Technology

Abilities of technological design
Unifying Concepts and Processes

Evidence, models, and explanation

NATIONAL SCIENCE
STANDARDS (NRC)

The Rurpose of this activity
is to build a szmple hover-
craft from inexpensive,
everyday supplies.

G



BACKGROUND

Ahovercraft is also known
as an ACV or flair cushion
vehicle." It travels on a

layer of compressed air that
keeps just above the surface of
the Earth. The compressed air
serves as an invisible cushion
that eliminates almost all of the
friction between the vehicle and
the ground. Numerous hover-
craft are used around the world
for civilian and military purposes.

PROCEDURE
1. The pop-up lid is hot-glued to the water-bottle cap.

Be sure that your glue is applied only to the
perimeter of the lid and that you make a good air-
tight seal to the CD.

2. Make sure the lid is in the closed position.
3. Inflate the balloon, twist it so that the air doesn't

come out.
4. Install the balloon onto the bottle lid.
5. Try sliding the balloon along and you will notice a

resistance to movement.
6. Now carefully release the lid sealer and let the air

flow through the CD. You will notice the little hov-
ercraft starts to move.

7. Blow the balloon up again and when the pressure
is released, flick it with your finger and you will be
amazed to see it glide away.

8. Variations on this project include a larger balloon
and various surfaces. Fun Stuff!

CREDIT - This wonderful activity was taken from the "Energy and
Control - Energy From Wind and Water" by the Quinte School Group,
WOW Science Initiative- May 2001.
Related web sites:
http://www.jameshovercratt.co.uklFrames/index.htm
http://www.hoverclubofamerica.org/

MATERIALS
1. A toy balloon
2. A pop-up lid from a water bottle
3. A hot glue gun
4. A used CD

---



activity ten

OBJECTIVE

The objective is to give students a visual image of how sound waves travel,
learn the basic terminology of sound and know the difference between 
transverse and longitudinal waves and know which one is sound.

SLINKY SOUNDWAVE
DEMONSTRATION

The original Slinky® has been around for years and they are still an
excellent toy that will keep kids, and cadets, busy for hours.

54
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BACKGROUND

In science classes everywhere, teachers talk about sound waves, draw pic-
tures on overhead projectors, or chalkboards, but students still don’t have a
good visual “picture” of how it works.  Sound travels in a series of com-

pressions and rarefaction, or pulses away from the source.

Sound waves are longitudinal waves (the motion of the medium is in the
same direction as - parallel to - the motion of the wave. Sound waves are pro-
duced by variations in air pressure. A vibrating source pushes molecules in air
back and forth, creating areas of compression and rarefaction. When a mole-
cule moves, it collides with the next molecule and makes it move too.  The
energy of a sound wave travels away from the source through a series of
molecule collisions parallel to the direction of the wave.  Sound travels at
close to 750 miles per hour (343 m/s) at sea level on a standard day .  Sound
moves faster through liquids and solids than through gases.  Sound cannot
travel through a vacuum.

Sound, studied by the International Space Station’s Expedition 7 crew,
involved an experiment using a bamboo musical instrument unique to Hawaii,
called a Pu’ili.  On orbit, crewmembers played the Pu’ili to determine if the
vibrations and sound produced are similar to vibrations and sound produced
on Earth.  These demonstrations will be used in future educational products
from NASA.

NATIONAL SCIENCE
STANDARDS (NRC)

Content Standard B: Physical Science
Properties and changes of 

properties in matter
Transfer of energy

Unifying Concepts and Processes
Evidence, models, and 
explanation
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Compression Rarefaction

MOTIVATION FOR LEARNING

1. Have students do “the wave” across the room. 
They should start in their seats and stand up 
and raise their arms when it is their turn, then sit 
down again.

Discussion: Ask students if anyone is in a 
new position after they did the wave (they 
shouldn’t be). Ask them how they moved 
when it was their turn (up and down). Ask 
them how the wave moved (down the row of 
students).

2. Now have at least five students line up next to each
other. The one on the end begins by bumping hips
with the person next to him/her and passing it on 
down the line.

Discussion: Ask the students if anyone is in a
new position after they did the bumping (they 
shouldn’t be). The only difference is in the 
motion - in this case the students moved side to
side instead of up and down.

Inform the students that they just saw two different
types of waves:
� Transverse: students (matter) moved up and 

down; wave moved down the row (perpendicu-
lar to up and down motion).

� Longitudinal: students (matter) moved side to
side; wave moved down the row (in same direc-
tion as motion of matter).

Reiterate that neither wave changed the original 
position of the students. 

MATERIALS

� Slinky®

PROCEDURE

Follow directions in the data sheet and record
observations. This activity wil allow students to experi-
ment with two types of wave motion.

Slinky® Question Sheet

1. Have one partner hold one end of the slinky® on 
the floor. Another person should hold the other end
on the floor and move their hand quickly up and 
back to its original position. What kind of wave is
generated? 

{ {
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2. Stop the slinky's motion. Now have one person 
hold one end of the slinky while the other pushes 
their end of the slinky towards their partner and 
pulls back to their original position. 
• What kind of wave is generated? 

3. Now make transverse waves that move slowly 
down the slinky for a period of 10 seconds. 
• How many pulses do you count at the other 

end?  

4. Make waves that move more quickly down the 
slinky for 10 seconds. 
• How many pulses are counted at the other 

end? 
• In which case (#3 or #4) would more pulses 

be able to move down the slinky in the same 
amount of time? 

• The number of pulses that move past a certain
point in one second is called the frequency (f) 
of the wave. 

• Calculate the frequency of the two waves gen-
erated in #3 and #4. In this case you would 

divide the number of pulses by 10. Which one 
has a higher frequency?

5. Make waves as you did in number 3, but try to 
make sure that more than one pulse is going (the 
time doesn't matter). Now make waves as you did 
in number 4, again making sure to get more than 
one pulse going. 

The distance between the pulses is called the 
wavelength (λ). Which pulse had a longer 
wavelength? Is this the wave with the higher 
or lower frequency? 

Answers to Data Sheet

1. Transverse wave. 
2. Longitudinal wave. 
3. Depends. 
4. Depends. More pulses should be able to move 

down #4 if done correctly. #4 should have a higher
frequency than #3. 

5. #3 should have the longer wavelength. It should 
be the pulse with lower frequency. 

Questions and Answers for this activity courtesy University of V irginia Department of Physics.
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OBJECTIVE

activity eleven ·::l
RING WING

The idea is to build aflying machine that defies all of the known concepts
of aerodynamics--yet still fLies quite well!



-
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NATIONAL SCIENCE STANDARDS (NRC)

Content Standard A: Science as Inquiry

Content Standard B: Physical Science
Motions and Forces

Content Stand E: Science and Technology
Abilities of technological design

Unifying Concepts and Processes
Evidence, Models, and explanation

Technology Standards:
8, Understanding of the attributes of design

10, Understanding of the role of trouble shooting, research and development,
invention and innovation, and experi mentation in problem solving

11. Ability to apply the design process

BACKGROUND

From the very beginning, man has had some pretty weird ideas of what a flying
machine should look like. Their idea was, "...it it looked like a bird, flapped like a
bird, it just had to fly." Unfortunately, flapping just didn't work, at least not with their

technology. It wasn't until the early Nineteenth century that someone actually came up the
idea that wings didn't have to flap to fly. Sir George Cayley, an English nobleman, creat-
ed a glider that had a remarkable resemblance to the aircraft of today. It had a wing up
front, a stick fuselage and a vertical and horizontal "stabilizer" in back.

As time passed, it was the scientific method of theorizing and testing that worked. Men
like Samuel Langley, Otto Lilienthal, Octave Chanute, and the Wright brothers finally
made it all come together. Everyone more or less followed Cayley's idea of how an air-
craft should look. That doesn't mean, however, that the conventional wings, fuselage, and
tail is the only way to fly. Our little Ring Wing proves that point.



MATERIALS PROCEDURE

1. Cut out the loop template.
2. Overlap the ends and tape them inside and out-

side of the loop.
3. Make it so the overlapped ends form a pocket.
4. Slip the loops over the straw.

1. A plastic soda straw
2. Paper
3. Scissors.
4. Scotch TM or similar tape
5. A ruler

Loop Template

DISCUSSION
The instructor should challenge students/cadets with questions and challenges like these:

1. Find the center of gravity of the glider by balancing it on your finger.The point where it balances is
the center of gravity. Try holding the glider at different places to see how it performs. How does the
center of gravity affect the flight of the Ring Wing?

2. Try plugging the straw with cotton so air cannot pass through. Does this make a difference? Why?
3. Draw what you think a real aircraft using this design would look like.
4. Change variables on the Ring Wing such as the loop materials, size of loops, placement of loops

on straw, and straw length to determine how each affects performance.



..

Name _

Material Size of Placement Straw Results
Trial # Used Loops of Loops Length (Distance

Traveled)

1

2

3

4

5

6

7

8

9

10

* Math Connection: Have students determine the circumference of the circle made by each loop. Next, have
them determine the radius of each loop used.
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MATHEMATICALLY TRACKING A
MODEL ROCKET IN FLIGHT

Cadets Brandon Ybarra and Bronson Montield demonstrate the use of the Estes Altitrak™.

activity twelve

62

OBJECTIVE

Cadets and  students will learn how to  determine the altitude o f a model
rocket using mathematics! It can be done inexpensively and  it is an 
excellent learning experience.
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ALTITUDE DETERMINATION

By definition, apogee is the
highest point in the flight of a model
rocket. It is the point at which a rock-
et reaches its highest altitude and
begins a return to Earth.  There are
several ways to determine the alti-
tude at which a rocket reaches its
apogee. 

If you are an AEO, the method
described in Aerospace Dimensions,
Module 4, ROCKETS, uses a sight-

ing device called an "Altitude
Tracker."  It is part of Activity
Three-Altitude Tracking. The AEO
is urged to read the text, on pages
29, 30, 31, and to build the "Altitude
Tracker.” It is recommanded that the
AEO use it as described.

Teachers, on the other hand,
have two options: (1) they may elect
to purchase a commercially-built
Altitude tracker like the Estes
Altitrack™ (which retails around
$24.00) or build one like the models
featured in this activity.

With permission from Estes, the
author will explain how to determine
the altitude of a model rocket using
simple trigonometry. In the illustra-
tion "Using the degree scale to
calculate altitude," first notice the 
term "baseline distance." This is
essentially the base of a right trian-
gle and the length is the distance
from an observer to the launch
pad of a model rocket. Refer now
to number “1”, in their diagram that
shows how to use the Altitrak.  The
observer is asked to pace off a 

INTRODUCTION

It is great fun to launch and
recover model rockets. But let’s face
it, after so many it “loses some of its
excitement” and the teacher or AEO
wants to put some meaning into the
activity. So what is the “next step?”
Most model rocket builders and
teachers encourage longer bodies,
larger engines, multiple stages and
various experiments with payloads.
This costs quite a bit more money
and on limited school and squadron
budgets, it all seems to stop with a
few single-stage basic rocket launch-
es.

It is therefore recommended that
the teacher or AEO, take more time
to learn more about the science of
model rocketry. 

National Mathematics Standards
(NCTM)

3. Geometry Standard
- Specify locations and describe 

spatial relationships using coordi-
nate geometry and other repre-
sentational systems.

4. Measurement Standard
- Understand measurable attrib-

utes of objects and the units, sys-
tems, and processes of measure-
ment.

- Apply appropriate techniques, 
tools, and formulas to determine 
measurements.
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distance of 500’, or in other words,
make a baseline distance of 500'
(150 meters). 

Once the observer is ready ,
he/she signals the launcher. The
Altitrak | is aimed at the rocket.  As
the rocket is launched it will climb to
its apogee and then start a return to
earth. The observer releases the
trigger just as the rocket reaches its

apogee and this will record the
desired angle.

Refer now back to "Using the
degree scaled to calculate alti-
tude." Once this angle is known,
the observer, or team, looks up the
corresponding tangent on the
Angle Tangent Chart. The altitude
at which the rocket reached its
apogee is found by: 

Baseline Distance  X  Angle
Tangent  =  Altitude.  

Example: 

Baseline Distance is 500'; Angle
observed is 50°; Tangent number

from chart is 1.19. 

500' x  1.19 = 595' altitude 
at apogee

Cadet Technical Sergeant James Duguid and Cadet Airman First
Class Kristen Reed are seen, at the left, aiming at the launched
rocket and taking readings to find the altitude with the Estes
Altitrak™.
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“It’s Rocket Science”
ANSWERING THE QUESTION: 

HOW HIGH DID MY AIR POWERED ROCKET GO?
ROGER G. GILBERTSON

roger@AirBurstRockets.com

I. A LITTLE HISTORY

“In 1666, as tradition has it, [Sir Isaac] Newton
observed the fall of an apple in his garden at
Woosthorpe, later recalling, ‘In the same year I began to
think of gravity extending to the orb of the Moon.’
Newton’s memory was not accurate. In fact, all evi-
dence suggests that the concept of universal gravitation
did not spring full-bloom from Newton’s head in 1666
but was nearly 20 years in gestation. Ironically , Robert
Hooke helped give it life. In November 1679, Hooke ini-
tiated an exchange of letters that bore on the question
of planetary motion. Although Newton hastily broke off
the correspondence, Hooke’ s letters provided a con-
ceptual link between central attraction and a force
falling off with the square of distance.”

From “Sir Isac Newton” 
by Dr. Robert A. Hatch 

University of Florida
<http://web.clas.ufl.edu/users/rhatch/pages/01-

Courses/current-courses/08sr-newton.htm>
Newton and Hook’s key observation about gravity ,

that the force of gravity decreases in proportion to the
second power of the distance, also explains the “up and
down” flight of a ballistic object like air powered rockets.

II.  SOME NOT-SO-SCARY EQUATIONS

The following equation gives the time t for a falling
object to cover a given distance x, in a gravitational field
that provides an acceleration force of g.

t =

At the surface of Earth, the acceleration of gravity,
g, is equal to 9.8 meters per second squared.

(Notice how no factor in equation 1.1 involves the
mass of the object falling...this means that all objects
fall the same regardless of their mass! In the vacuum on
the Moon, a feather and a hammer fall at the same rate.
Of course, on Earth air resistance plays a big factor in
rocket performance. More about that later.)

Now, if you only know t, the time it took an object to
fall, you can calculate the distance it fell by rewriting the
equation:

x = (t
2
g)/2

With air powered rockets, the maximum speed
occurs at the moment the rocket leaves the launcher,
since no further force can be applied to it once it
departs.

If we consider the rocket to be on a ballistic flight
under ideal conditions (i.e. no friction due to the air), the
rocket will travel upwards to its peak and return to the
ground in equal amounts of time ( time up = time down).
If you know the total time of flight, t , then divide it by
two to get the time to maximum altitude, and use the
equation below to get the maximum altitude.

Maximum Altitude = ((t    /2) 2 g)/2 

III.  SOME USEFUL TABLES

If you have the total flight time of your rocket (from
launch to hitting the ground), table 1 below gives a
rough estimate of the maximum altitude it must have
reached, using equation 1.3.

However, in actual flights, the climb and fall times
are not equal. In general, the time to climb to maximum
altitude is less than half of the flight time, due to the high
initial speed of the rocket, and the time to fall back down
to Earth is more than half of the flight time, due to the
air resistance that limits the maximum speed of the
falling rocket (known as the “terminal velocity”).

In our tests, performed with actual rockets at sea
level at a variety of power levels, we’ve found an aver-
age ratio for climb time versus fall time of around 4:5.
The factor f is the percentage of the total flight time
used in the climb portion of flight (in this example 4/9 or
about 0.44). Adjusting equation 1.3 to include this ratio
thus gives: 

Maximum Altitude = ((f t    ) 2 g)/2

And substituting equation 1.4 into Table 1 gives the

(1.1)

(1.2)

total

total

total (1.4)

(1.3)
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following adjusted calculated altitudes in Table 2 below.
So go fly some rockets, measure the times (use a video camera with a frame counter for real accuracy),

then plug in the times to the above equations and see how high they went.

Happy flying! 
Roger G. 

With thanks to Zach Radding and Mark Forti.

Acc. of gravity (meters/sec^2)
Total flight time (in seconds)

Max Altitude ( in meters)
Max Altitude ( in feet)

9.8
1

1.2
4

2
4.9
16

3
11
37

4
20
65

5
31

102

6
44

147

7
60

200

8
78

261

9
99

331

10
122
408

11
148
494

12
176
588

13
207
690

14
240
800

15
276
919

16
314

1045

Table 1. Rough estimate of altitude from total flight time.

Ratio Climb Time to Fall Time
Acc. of gravity (meters/sec^2)

Total flight time (in seconds)
Max Altitude ( in meters)

Max Altitude ( in feet)

4
9.8

1
1.0

3

5

2
3.9
13

3
9

29

4
15
52

5
24
81

6
35

116

7
47

158

8
62

206

9
78

261

10
97

323

11
117
390

12
139
465

13
164
545

14
190
632

15
218
726

16
248
826

Table 2. Better estimate of altitude by including ratio of rise time to fall time.

:

The Estes Altitrak™ C/TSgt James Duguid and C/A1C Kristen
Reed aim the Altitrak at the launched rocket. 
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OBJECTIVE
To emphasize the importance o f exercising when humans are exposed  to
long periods o f weightlessness in space.

activity thirteen

Cadets Patricia Friese, of
Burnsville, MN, Emily
Brown, of Graysville, TN
and Ginger Lee Lohman
(seated) of Belfair, WA,
demonstrate space exer-
cises using stretchable
bands that can be used for
resistance training.  These
cadets were participants in
the first annual Civil Air
Patrol Aerospace
Education Academy,
Oshkosh, Wisconsin, in
2003.

68

EXERCISING IN SPACE

AEX II Vol II:AEX II Vol II layout Feb 13 04.qxd  5/8/09  3:18 PM  Page 68



BACKGROUND

Here on planet Earth, our mus-
cles and bones work as a unit
against the forces of gravity .

This "bone-muscle" effort keeps us
balanced and able to do work.  In
space, on the other hand, muscles
are not used to any degree and as a
result, will atrophy after a short period
of time.  Bones decrease in diameter
and become less dense.  Muscles
also become smaller and weaker .
The actual muscle changes due to
the nature of their use in space.  As a
result, astronauts not only have to
exercise their muscles, they must
also stretch them to maintain length
and density.  If astronauts don't main-
tain a strict regimen of exercise, they
will, upon return to planet Earth, find
that they are unable to function as
before.  

Similar situations exist when bedrid-
den patients are not able to move
about for long periods of time. 

NATIONAL SCIENCE
STANDARDS (NRC)

Content Standard C: Life Science
Diversity and adaptations

Content Standard F: Science in 
Personal and Social Perspectives

Personal Health
Content Standard G: History and 
Nature of Science

Science as a human endeavor

69

Cosmonaut Yury Usachev wears a harness while conducting
resistance exercises on board the International Space Station. 
(Photo Courtesy NASA)

Working in a space station requires exercise to keep bones
and muscles from deteriorating.  (Photo Courtesy NASA)
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MATERIALS

1. A set of elastic exercise bands 
2. A bicycle tube
3. A broomhandle stick about 24 inches long.  

This may also be substituted with a piece of 
PVC pipe tubing.

PROCEDURE

1. The bicycle tube is slipped around the 
broomhandle stick to make a slip knot. 

2. This can be used by having the student step on 
the looped exercise band and exercise by          
pulling the stick toward the chest.

3. The bands can be used in several ways to 
exercise the upper and lower body.  

4. With help of another adult, set up an exercise 
regime that is consistent and equidistant from 
point to point. 

5. Take the pulse rate from the beginning and then
after a specific time period, check the pulse 
again.  

In the weightlessness of space, there is no
resistance against the astronaut's body. Astronauts
walk a resistance treadmill approximately thirty min-
utes a day to keep the muscles in tone.  This exer-
cise makes them sweat and air from a nearby duct
helps keep them dry.  

ACTIVITY: 

The teacher/AEO is asked to develop an experi-
mental set of exercises that work the:

a. Abdominals
b. Legs and.Arms
c. Arms and Shoulders
d. Hamstrings
e. Shoulders.

Have students develop 3 exercises with the exer-
cise bands that could be done with the IRED hardware
on the Space Station.

Have them demonstrate the exercise to the class.

Exercise bands can be purchased at sporting goods stores and
work very well for this activity. The cost is around $12-$14 per
set.

Emily forms a slip knot around the stick using the bicycle tube.  

Ginger is showing how the bands can be used to exercise the
legs.  The bicycle tube and handle produce a much more ef fec-
tive resistance exerciser.
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Astronaut Edward T. Lu, Expedition 7 NASA ISS science officer and flight engineer, using the
short bar for the Interim Resistive Exercise Device (IRED) to perform upper body strengthen-
ing pull-ups. The IRED hardware is located in the Unity node on the International Space
Station.
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activity fourteen

THE WRIGHT BROTHERS, 
Their Biography, Their Aircraft and Their Workshop!

OBJECTIVE

This is an investigation into the lives of two great aviation pioneers.  It is also an
exercise in the hands-on construction of their Flyer and their workshop near Kitty
Hawk, North Carolina.
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BACKGROUND

Orville and Wilbur were members of a family of seven.  They were born to Milton and
Susan C.K. Wright.  Their father was a bishop in the United Brethren in Christ
Church.  Wilbur was born in Richmond, Indiana, in 1867 and Orville, the younger of

the two, was born in Dayton, Ohio in 1871. As children, the brothers were taught to be self-
sufficient and a great emphasis was placed on their education.  When Wilbur was eleven, and
Orville was seven, their father gave them a toy "helicopter" that was equipped with counter-
rotating propellers.  The toy had a tremendous impact upon the boys and many historians
agree this was the beginning of their interest in flight.  They spent countless hours playing
with the helicopter, flying kites and studying all of the flight-related literature of the times.
They were especially impressed with the works of Otto Lilienthal and Octave Chanute.

After graduating from high school, Orville went into the printing business with a friend.
They printed handbills, tickets and other small items.  Shortly after the death of the mother in
1889, Wilbur joined the little company.  Out of this partnership came the publication of a local
newspaper called The West Side News.  During this time, the brothers also created a bicycle
business to take advantage of a nation-wide interest in cycling.

As time went on, their interest in flight became even more intense and by the end of 1898,
they were ready to start construction of a glider.  The brothers decided that the best design
would be a biplane because of its "box kite-like" strength.  They also theorized that the opti-
mum means of maintaining equilibrium in flight was with moveable control "surfaces."  They
came to this conclusion by observing how seagulls and other birds were able to turn by twist-
ing, or "warping" their wings. 

The brothers also knew that a steady flow of wind was going to be necessary for testing
their aircraft and they selected, after consulting with the National Weather Service, a desolate
beach on the Outer Banks of North Carolina, near the town of Kitty Hawk.  The sight of most
of their experimentation took place on a wind-swept section of that beach known as Kill Devil
Hill.

It should be emphasized to students and cadets that the brothers did not just jump in and
start trying to fly.  They followed a pattern, which is familiar to most students today, and it's
known as the "scientific method."  They first discussed their problems, and then experiment-
ed with various solutions.  Data was gathered from these experiments and eventually they
developed conclusions about the actual process of flight in a heavier-than-air machine.  From
these conclusions, they built first a controllable glider and then a powered airplane.

At first, Orville and Wilbur designed a wing based on the calculations and experiments of
Octave Chanute and Otto Lilienthal.  Their first glider was "kite-like" and later it was equipped
with control surfaces.  They found that by warping the wings, the craft would respond by bank-
ing.  In July, of 1901, they tested a larger glider that had a small wing, or elevator, mounted
up front.  They built it so that the pilot could lie prone on the lower wing and control the warp-
ing by moving his body from side to side.  To control pitch, they used a hand control that
moved the small front wing up and down.  
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Their initial experiments in lift and control were discouraging.  A break-through came when
they visited Octave Chanute.  After hours of discussions, they all concluded that the pressure
tables the Wrights had been following were wrong.  It should be noted that although they failed
many times, Orville and Wilbur never gave up on the dream.  Their small glider had to be re-built
several times after crashing.

The encouragement of Chanute coupled with their keen interest and tenacity motivated them
to continue to study and approach their problem scientifically.  During the winter of 1902, they
built a wind tunnel to test airfoils (wing sections) and from this study, they developed a set of new
mathematical tables for lift.  The 1902 glider was modified to obtain more lift and a rudder was
added to the rear of the craft.  When they returned to the Kitty Hawk test site, they found their
calculations correct and the new glider went 622 feet.  

By warping the wings, using an elevator and adding a rudder, the Brothers knew they had
overcome the most difficult phase of their work; i.e., control in three axes.  They now had a way
to control roll, which is a movement around the longitudinal axis; they had a way to control yaw
which is a movement around the vertical axis and by moving a hand-held stick, they could con-
trol pitch, which is movement around the lateral axis.  With the correct airfoil for lift, they solved
the secret to controlled and sustained flight…not just "hops."  All they had to do was add power.

In March of 1903, the brothers applied for a flight controlled system patent.  They were con-
fident that an engine was all that was needed for sustained flight.  At the time, few small engines
existed and again, by sheer determination, the brothers decided to build their own powerplant.
With the help of machinist, C.E. Taylor, they built a lightweight, four-cylinder engine that pro-
duced 12 horsepower!  They set about designing a suitable propeller and again, everything had
to be thoroughly tested.  

Finally, on the 17th of December 1903, with J.T. Daniels, W.S. Dough, A.D. Ethridge, W.C.
Brinkley and Johnny Moore as witnesses, Orville climbed onto the lower wing and prepared for
flight.  The wind was averaging 24 miles per hour and with full throttle, the craft left its rail launch
"runway" and stayed in flight for 12 seconds.  It went 120 feet forward and rose to an altitude of
12 feet.  It was the first controlled, sustained, and powered flight in history.

The model that is featured in this activity is an exciting replica of the actual aircraft that flew
on the cold December morning in 1903.  The workshop shed adds drama to the "diorama". It is
interesting to think that this flight was man's first step to space exploration.  The Flyer only went
120 feet but as Neil Armstrong said when he stepped upon the moon for the first time, "…a giant
leap for mankind!"  

CREDIT & PERMISSION TO REPRINT- Mr. Chip Fyn, CEO of the Fiddlers Green Company has gra-
ciously given Civil Air Patrol permission to reprint the Wright Flyer and the Kitty Hawk workshop
for education purposes. Fiddlers Green is known world-wide for easily-constructed, incredibly-
detailed paper model aircraft and other projects. It is recommended that the builder review their
web site at www.fiddlersgreen.net and look over the more than 200 models available for a very
small investment!
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activit~ fifte~n

LANDING LUCKY LINDY

OBJECTIVE

This is afun activity designed to study one of history's greatest aviation
pioneers and to touch on the geography and drama of his 1927 flight from New
York to Paris. The model you see in the image will be suspemfedJrom a nylon
cord and a "pilot" seated in a chair/ will fly the little Spirit of St. Louis down
the line/ over the Eiffel Tower/ and land it on a runway made of masking tape!
The kids will always remember the story of "Lucky Lindy" after this activity!



Content Standard G: History and Nature
of Science

- Science as a human endeavor
- History of science

National Science Standards (NRC)

Photo Courtesy the X-Prize Foundation

BACKGROUND

Charles Augustus Lindbergh was not the first person to fly the Atlantic Ocean;
however, he was the first to do it alone, or "solo" as they say in aviation terms.
Lindbergh, or "Lucky Lindy, " as the press called him, was a native of Minnesota

and he learned to fly in Lincoln, Nebraska. He started his career by flying from town
to town offering rides and putting on aerial shows. This adventure was known as bern-
storming! He later joined the U.S. Army Signal Corps as a reserve pilot and that even-
tually led to a time when he flew for the U.S. Mail Service between Chicago and St.
Louis.

Lindbergh heard about a $25, 000 prize (called the Orteig Prize) for the first person to
fly nonstop from New York to Paris. He decided to go for the award and solicited soon-
sorship from a group of St. Louis (Missouri) businessmen. A contract was made with
the Ryan Company in San Diego, California, to build a single wing (monoplane). It was
named the "Spirit of St. Louis" in honor of the businessmen who backed the project.

On the morning of May 20th, 1927, Lindbergh took to the skies over Roosevelt Field,
Long Island, NY, and flew for 33 ~ hours. On the evening of May 21st, he came in
over the city of Paris (including the Eiffel Tower) and landed at LeBourget Field. It is
estimated that he was greeted by more than 400,000 people at the airport. From that
time on, Charles Lindbergh became a world celebrity and his success proved that air-
craft were safe and that international air travel was possible. He brought credibility to
aviation.



The parts are carefully cut out using a hobby knife.

1

Once removedfrom the meat tray, the parts are ready to be glued.

MATERIALS

The instructor will need (for a class
or squadron of 30):
1. 30 template sheets.
2. 30 foam meat trays for Spirit of St.

Louis.
3. 4 foam trays for Eiffel Tower.
4. Six to 10 hot or cold glue guns.
5. Enough utility hobby snap knives for

teams of two to work on cutting parts.
6. 120 wooden coffee stirring sticks

(like the ones found at Starbucks®).
7. Extra hot glue sticks ( also known as

slugs).
8. Several soda straws.
9. 60 fender washers at least 1" diame-

ter with an 1/8th inch hole in center.
10. Nylon fish line. (Suggest buying

cheap 20 pound line ... it is easier to
see and people are less likely to get
tripped.)
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PROCEDURE

Make copies of the paper templates of the Spirit of
st. Louis. You will need one for each student. The
Eiffel Tower Template needs to be copied only once.
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A small hobby hot glue gun works very well for
bonding parts.

,.

The wheels and landing gear strut are glued together and then
mounted on the wing as shown. Extra hot glue is recommended
where the landing gear strut and wing strut come together.

5

The wing struts are cut from coffee stirring sticks and hot glued in
the position shown on the illustration.

A small piece of soda straw is cut and glued onto the center of the
wing and the tail as shown.

Next, the landing gear struts are cut to the size shown on the tem-
plate.

You are now ready to make the Eiffel Tower. You will need four
meat trays. A template is traced onto each of the four trays.



When the trays are cut out, they should look like this .... Eight soda straws are glued making four lengths. These are glued
inside the base piece about 4 inches down from the base top.

o

15
The top piece is cut out and the holes can either be cut using a
hole punch or a hobby knife.

The sides are glued together to look like...

this! The tops of the soda straws are pushed through the top piece and
glued into place.



A nylon fishline cord (about 30 feet) is pulled through the two soda
straws.

One end of the nylon line is attached to a "joystick." This can be a
wooden dowel or a piece of PVC tubing. Cut it to about 24 inches.
The fishline can be held in place with masking tape.

A "runway" can be made on to the floor with masking tape.

17

Have one student hold the Spirit of St. Louis at a high point some
20-30 feet away from the seated "pilot." The pilot sits down with
the stick end on the floor. When the call to release is made, the
pilot flies the Spirit down the fishline, OVER THE EIFFEL TOWER,
and lands the model on the "LeBourget" runway. You're gonna
love this one!

It is highly recommended that the teacher or AEO
get a copy of "The Spirit of St. Louis" to show along with
this activity. It is "G" rated and a wonderful movie for stu-
dents and cadets of all ages. It is still available through
most video stores and catalogs that specialize in VHS
and DVD productions. The cost is usually less than $20.
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o o



Glue wings on both sides.

Glue points marked with red arrow
and red dashed line.
NOTE:This illustration refers back to
illustration 8 in this activity.

-' A bit of hot glue is
squeezed onto the
landing gear piece. A
fender washer is placed
so that the hot glue
squeezes out through its
opening. A piece of
wood is then pressed
into the hot glue.

Erik Undbergh rejoices in Paris after successfully
accomplishing the epic 3,600-mile transatlantic
flight from New York to Paris. Erik's personal
odyssey connected the Unbergh legacy with the
dramatic possibilities of the future.



Wing Struts (4)~~=====~~----~~ ~E======:::~;;;~==lMount two pieces of
soda straw on top of
wing and rudder and
run fish line through
them as shown.

Dotted lines
indicate glue points

I f,

I i



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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