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Model rocketry isatopic that many teachers use to moti-
vate students and excitethem about science. The Team America
Rocketry Challenge has motivated more teachersto introduce
the topic to their students. However, one of the drawbacks of
the Team Challenge is that in most schools only a few stu-
dents are involved in the challenge and therefore receive the
educational benefits that rocketry has to offer. Tim Van
Milligan of Apogee Componentsand | have corresponded via
email this past summer about a unit that we implemented at
our school (independent of the Team Challenge) and how it
may get more students involved in rocketry.

This project was instigated by many conversations
amoungst my school’s science teacher and myself about giv-
ing our students different educational experiences than were
in our math and science curricula. What we found was just
what Tim preaches - rocketry grabs and interests studentsin
ways even we didn't dream. Often rocketry is seen asajunior
high level project and we want you to see that rocketry can be
challenging for high school (even advanced) students and
across several curricular aress.

WhileApogee Component’ sbooklet Projectswith Model
Rocketry givesyou someideasfor many curricular aress, this
article will give you some specific places to focus on; and
maybe spur some ideas of your own.

How Did This Get Started?

A few years ago a colleague and | were searching for a
student project where we could team his science and my math
students together and would teach many lessons beyond cur-
ricular math or science. We wanted to challenge our students
and stretch them in ways that we had never done before. Col-
leges and work places require skillstoday that we did not face
in our days as students and we were seeking ways to better
prepare our studentsfor these challenges. We knew that many
of our graduates would be expected to work in teams on
projects and may be required to make presentations, some-
times with other colleagues. We felt we could do a better job
preparing our studentsfor these new avenues of thework force.
We al so wanted our students to experience long term projects
which would force them to persevere and persist, sometimes

Rhonda Cox, Trigonometry teacher, gives
students a look at mission patch history and
symbolism.

in the face of dead ends.

Therocketry project described here covered five curricu-
lar areas, designed for our high school students. Thereal beauty
of this project is that it went beyond traditional learning. We
found that our students experienced not just curricular lessons
but &l so emotions often removed from learning - especialy in
math and science— emotions of pride and even joy (Yyes, joy)
in a difficult job well done. This project will challenge your
students in many ways they have not been stretched before.

As we discussed teaming our students for a project we
believed that our studentswould receive unparalleled benefits
from such aunit, but we could not come up with atopic which
we felt would be equally challenging to both his students and
mine. That is, until | became aB.A.R. - aBorn Again Rock-
eteer.

| built and launched model rocketsasalittle girl with my
dad and again asayoung adult, but afew yearsago | got back
into the hobby. Because of my mathematics background | be-

Continued on page 3/
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that we would need launch pads and controllersfor our launch,
but this could beanindustrial technology project to build these
items. And so our fifth component was hatched.

We had three learning goals for our students while work-
came interested in more than just building and flying rockets  ing on this project (which we wrote before we had expanded
and did some research on the topic. | soon found that rocketry  thisidea past physics and trigonometry). These goals are not
could be achallenging project for high school studentsinsev-  course specific but are general educational goals. Thefirst goal
eral areas. And so a new discussion began about teaming our was teamwork. We wanted our students to work in teams to
students to work on a project. accomplish acomplex task and learn to effectively communi-
Curricular Components of the Unit cate within and among the teams. Many teachers use group
projects, however, this project is different because the teams
work for along period of time (six months) on their task. This
really gives the students a unique opportunity to learn about
working with people and communicating rarely given to stu-
dentsin high school.

Our second goal was research. We wanted our studentsto
get adeeper understanding of research and devel opment of an
idea. We saw a need for our students to research scientific,
mathematical, and technical ideas. Thiskind of research forces
students to read and understand technical information which
may be extremely challenging to them. Again, thisis some-
thing that most high school studentsrarely do.

Our last goa was presentation. We wanted to provide our
studentswith an educational opportunity to developtheir skills
to present ideas in many formats, specifically written, oral,
and visual forms. We wanted them to present technical mate-
rial, again something that is a rare opportunity for students at
the high school level.

Curricular Components and Events

From our goals we developed the curricular components
and events. Each of these items is uniquely complex, so this
will bean overview of those components and events. Thefirst
component in thisunit was English. Our English faculty team
member is our junior English teacher (we are a small school
with only oneteacher for most courses). Thisworked well for
us since the trigonometry students are mostly juniors. This
asotiedin nicely with our U.S. History component sinceitis
taught to juniors.

The English classes read Homer Hickam’s Rocket Boys
which isamemoir about five high school age boysin the late
1950's. Motivated by Sputnik, the boys decide to build their

Thefive curricular componentsthat we devel oped started
with trigonometry and physics. Asmy science colleague and |
started working on this project, we soon realized that there
were other areasthat could be a part of thisunit. | had read the
book Rocket Boys by Homer Hickam (& so known as October
Sky). We thought this would be a great book for our students
to read, but instead of putting another thing in the math and
physics components of this unit, we wondered if an English
teacher would join us. Sure enough, one was brave enough to
oblige. After getting an English teacher on board, werealized
that U.S. History is asubject which could deal with rocketry.
Our U.S. History teacher gladly joined in agreeing to take a
special look at the Cold War and the Space Race and their
impact on American math and science and society in general .

Lastly, as we started thinking about events, we realized

Physics teams check in their rockets with the
\Rocket Inspection Officer (Ben Ahring). Continued on page 4 )

About this Newsletter

You can subscribe “FREE” to receive this e-zine at the Apogee Components web
site (www.ApogeeRockets.com), or sending an email to: ezine@apogeerockets.com
with "SUBSCRIBE" as the subject line of the message.

Page 3


http://www.apogeerockets.com

ISSUE 112 - OCTOBER 10, 2003

P E A K O F

F L I G H' T

own rockets in aday when there were no such thing as model
rockets. The book is more than a science and math book. It is
truly an inspiring book about young people who make adream
happen despite tremendous setbacks. The book also shows
students a life in a different time and place that is truly in-
triguing.

Our students studied five themes in this book which ap-
peal to high school students: Search for Identity, Pursuit of a
Dream, Alienation, Science and Technology, and Life Les-
sons. They aso studied the memoir genre, team roles, and
their importance to the success of the team. This naturally led
into our technical components. The English component isthe
first English unit of the school year. We felt that it was an
important introduction to the technical components of this
project because of its study of team roles.

My students told me at the end of the project that they

thought this book was aintegral component to their full expe\
rience on thisproject. After reading the book, studentsviewed
the movie October Sky to compare the book and the movie
(there are many differences - see Homer Hickam's website).
Asaside note, if you use this wonderful book, beware of the
fact that it talks about very dangerous “experiments’ by the
rocket boys. It is worthy of a discussion in class about not
trying to duplicate what they did (never build your own rocket
motors). We sent home a letter written by Quentin Wilson,
one of the rocket boys, which warned about trying what they
had done (found at www.homerhickam.com/safety.htm).

The second component was physics. The physics students
worked in teamsto come up with two designs, onefor each of
two contests. Thefirst contest was an atitude contest, the sec-
ond was a spot landing contest. Of course, there are many
othersthat could be used. Theteamswere only allowed to use
certain materials provided for them and could only use certain
motors, also provided for them. They actually constructed two
rockets for each design so they would have a back-up.

Continued on page 5]
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RockSim: Software That Lets You
Design Amazing Rockets!

RockSim is the leading software for designing rockets, and finding out
how high they’ll fly. With it, you can:
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* Design Any Size Rocket.

* Use Any Size Motor.

* Create Assymetric Fin
Arrangements.

* Print Fin & Ring Templates.

* Find The Best Size
Parachute Or Streamer.

* Predict Altitude, Speed.

* Simulate Electronic
Staging Events.

* Simulate Dual-Deployment.
* Determine Close-Proximity-
Recovery Launch Angle.

Alive!
— -

* Mix Motor Sizes In Cluster
Configurations.

* Display 2D Layouts And
Rotating-3D Images.

* View Annimations Of The
Launch And Recovery.

* Predict Cy and CP.

* Supports Up To 3 Stages
Including Strap-on's.

* Graph Out The Results.

* Export Results To Any
Spreadsheet Program.

* Huge Parts Database.

* Use It To Teach Others
About Rocketry.

* Hold a Virtual Contest
Against Your Friends.

Apogee Components, Inc.
1130 Elkton Drive, Suite A
Colorado Springs, Colorado 80907-8501 USA

Tel: (719) 535-9335  Fax: (719) 534-9050
Web Site: www.ApogeeRockets.com/RockSim.asp
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To us one of the keys to the success of this component
was the use of Apogee Components’ RockSim computer soft-
ware (www.ApogeeRackets.com/rocksim.asp). Wewanted our

students to work as an engineer. We found RockSim to be
incredibly powerful, fairly user-friendly, and reasonably priced
for school lab licenses. For more information about the ben-
efits of using RockSim in your school see Why Should You
Use RockSmin Your Classroom?

One of the things we decided to add to our physics com-
ponent thisyear isto have the students build akit before using
RockSim. Many students have not had the experience of build-
ing arocket and building a kit will give them constructions
skills and ideas that will help them as they use RockSim. Be-
fore using RockSim you may have students design rockets
with paper and pencil and even cal cul ate center of gravity and
center of pressure by hand (see Cal culating the Center of Pres-
sure of a Model Rocket or The Handbook of Model Rocketry).

Obviously, you can use the rocketry unit to discuss
Newton’s Laws of Motion and use rocketry as great examples
of al three (see Model Rocket Propulsion).

The third component was trigonometry. The trigo-
nometry students worked in teams to solve several problems
related to the rockets and their launch. Some of the problems
our teams worked on were altitude determination (beyond a
simple altimeter and trig table), velocity and acceleration de-

Trigonometry students use their theodolites to
determine the rocket’s altitude. (See related
\article in Apogee e-zine Newsletter =93]

termination, parachute efficiency, design efficiency, and effi- A
cient tracking (ground) and recovery. There are other prob-
lemsteams can work on. Teams that had to make cal culations
in the field had to write a program for their graphing calcula-
tor to use on launch day.

Teams also had to develop a budget and build any tools
they would need to solve their problems on their own. The
altitude teams built their own theodolites (to measure angles
of elevation and azimuth). Vel ocity and accel eration teamsbuilt
their own apparatus to help them determine the values they
needed. Parachute efficiency teams designed their own ex-
periment variables, constants, and methods. In each case, the
team had to perform agreat deal of research to help them solve
their problem.

The fourth component was industrial technology. These
students designed and built our launch facility which consisted
of the launch pads and launch controller. The instructor used
Electronic Model Rocket Launcher and Construction Plans

and Tipsto aid in the decisions about what type of controller
to build. Students can discuss pros and cons of different sys-
tems and decide how to proceed. They should also develop
troubleshooting methods and can practice working with the
equipment to solve problems that occur in trial launches be-
foreactual launch day (very much like NASA personnel prac-
tice for different missions and possible problems).

Industrial Technology students troubleshoot
one stubborn launch pad that they built
themselves.

The fifth component of this unit was U.S. History.
Thiscomponent coordinateswith the English component since
Rocket Boys takes place in the late 1950’s during the Cold
War and the beginning of the Space Race. If U.S. History is
taught using a thematic approach, this can be taught concur-
rent with the English component. If U.S. History istaught using
a sequential approach it would be the last component of the
unit probably occurring sometime in the spring. Either ap-

Continued on page 6/
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proach will work well with the other components.

Students worked in pairs or groups of three to research a
space history event and make a space event poster of that event
in space history.

Our unit had three major events. The first event was a
Kick Off Field Trip for the technical components of the unit
(industrial technology, physics, and trigonometry). We sched-
uled this so that we went shortly after the students had fin-
ished reading Rocket Boys (mid-October). The field trip took
the students away from school to introduce them to rocketry
and this unit (our math and science classes rarely take field
trips so our students really enjoyed this). Our field trip the
first year took usto alocal museum which had alarge enough
room for our 100 students and was showing the IMAX film
Soace Sation 3D which naturally enriched this event.

SincethisIMAX filmisno longer showing we are going
to use” Spider” from the series From the Earth to the Moon
by Tom Hanks and HBO - it is an excellent look at engineer-
ing and long term projects.

We gave the students a brief introduction to the whole
unit, detailed information about their own course’s compo-
nent, and an introduction to basic rocketry. In the future we
plan on giving the students a demonstration model rocket
launch (live or on video) so they can fully understand the speed
at which they lift off the pad (thisreally surprised our students
on launch day).

We also gave the studentsa“lecture” on mission patches.
We talked about their history and design. We used an LCD
projector and Power Point to show them examples of differ-
ent NASA patches and show them the symbolism used. The
purpose of this activity was to introduce each team’sfirst as-
signment: to design a team mission patch. We also scheduled
team time for the teams to meet and discuss roles, problems,
schedules, and their patch.

The second event didn’t occur until April. This was our
evaluative launch which took place on our athletic field. One
goal of our launch experience wasto give our students a feel
for an actual NASA launch. Each of our 96 students (indus-
trial technology, physics, and trigonometry) were assigned
rolesin thelaunch effort. We used A pogee Components’ book-
let Conducting a Safe and Scientific Launch in Large Group
Settings as aguide in organizing this event. We put together a
launch handbook for the students which we handed out about
aweek before launch. It had information about each launch
role such as GO/NO GO indicators, who they report to, and

when they must give a NO GO. It also gave them general )
information about proper communication procedures (we used
14 channel FRSradios), launch sequence, alaunch range map,
and general helpful hints about the day (like bringing sun
screen). The students brought the handbook to thelaunch range
and used it as aresource throughout the day.

Launch day started with setting up the launch facility. We
then went to our gym and trained the students about commu-
nication on the range, the launch sequence, and everyone's
role before, during, and after each launch. We had launch pad
teams, launch controllers, security, public affairs officers,
countdown announcers, rocket scientists, weather officers,
inspection officers, etc. After training inside we went to the
field and held a practice set of launches. Finally, we did our
30 evaluative launches. Each physics team launched their al-
titude rockets three times and their spot landing rocket three
times. Careful planningiscrucial to thisevent and safety must
be your priority.

Our last event was held about a month after the launch.
This event was called our Mission Expo and we held it in our
school gym. Each curricular component was involved. The
English classes had a display of their work from the Rocket
Boysunit. TheU.S. History classes organized their space event
postersin atimeline around the walls of our gym. The center
of the gym was filled with displays by the trigonometry and
physics students. These teams also gave oral presentations of
their work during the Expo. The industrial technology stu-
dents set up alaunch facility display. We had other displays of
the weather equipment used on launch day, rocket materials
provided to the students, inspection tools, and communica-
tion equi pment. We had a Power Point slide show of photos of
the field trip and the launch event set to music. The public
was invited to this event and we had a great turnout.

Cornerstones of this Unit

The great thing about thisunit isthat it is extremely flex-
ible and can be developed to fit any school situation. There
are, however, cornerstonesto this unit which makeit aunique
and unparalleled project for our students.

First, in the technologica areas of this project (e.g., in-
dustrial technology, physics, and trigonometry) the students
must work in teams. One of the unique aspects of this project
is the opportunity for studentsto work on along term project
with a group of people. It is a unique lesson in interpersonal
skills. We used teams of four or five members.

One other important part of this cornerstone is that each
member of the team has a specific role on that team such as
leader (which we called the CEO), team scientist, communi-
cation specialist, project manager, and financial officer. These
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roles, of course, can be altered to fit the particular goals of
your project. One complaint of most students when working
on team or group projectsisthat one or two personsdo al the
work. We found giving students specific roles this problem
was rare. One of our students commented, “I used to not like
working as a team because someone always did not do their
fair share. This project was different, everyone had to do their
fair share or else we wouldn’t have gone as far as we did.”
Each role should have specific responsibilities and account-
abilitiesto theteam. They were evaluated by their team mem-
bersaccording to their contribution. Without specific rolesthe
team will not be able to function toward a common goal.

Second, much to the students’ disdain, the teams should
work onthisproject primarily outside of class (at least in phys-
ics and trigonometry). They should be in charge of setting up
their own team meetings which teaches them how to compro-
mise, communicate, and work around each other’s schedul es.
It &l so teaches them about prioritizing. Also, from ateacher’s
point of view, if they did not work on this mostly outside of
classyou would haveto give up too much curriculum to make
this project practical for amost any upper level course.

Third, you must help the students keep themselves orga-
nized and on task. In order to do this you must provide them
with regular due dates throughout the unit, each with progres-
sive goals toward the final product. In trigonometry | had the
teams prepare five reports that were due over the course of
about four months. Each report required different information
from the students.

Thefirst report was a planning report where they laid out
their team plan to solve the problem they were working on.
Thisisimportant because it teaches the students that the team
must plan before they start working, it givesthe team afocus,
and each member’s part toward that plan. The second report
was to brief the teacher on the team’s progress on their plan.
The third report was the solution report where they detailed
their solution to their problem. In this report they also evalu-
ated their budget, how they worked as ateam on the problem,
their plan, how well they worked their plan, etc. The fourth
report was an event planning report for the students to give
their plan for the display and oral presentation at the Mission
Expo (due before Launch Day). Thefifth report gave thefinal
outlines and display plan. This was due about a week before
the Mission Expo. Studentsfelt that theseregular reportswere
akey for them keeping on task for the long period of time that
they worked on this project.

Our project patch was designed by one of our
Trigonometry students. The front cover was
drawn by Lisa Cush based on this design.

Asafourth cornerstone, for this project to bealearn-
ing experience in team dynamics, teams need to evaluate their
work with their teammates. As mentioned above, one of the
trigonometry reports required the team to evaluate how they
planned, worked, their budget, method of researching, team
communication, etc.

Fifth, each team (trigonometry, physics, and industrial
tech) wasrequired to design a“ mission patch” similar to those
that astronauts and scientistsdesign for their NASA missions.
Thismay not seem likeit would be that important, however, it
was afantastic team-building exercise at the beginning of the
project.

Themission patch wasthefirst assignment that each team
had and it forced the teams to discuss and make decisions
early in the project. With the drawing of their patch they had
to submit awritten description of their patch and explanation
of the symbolism used. Each team was very proud of their
mission patch.

We al so had a contest to design a mission patch to repre-
sent the entire project. The winning patch represented each of
thefive areasvery well. In the future we plan to have students
design a patch for each component of the project (trigonom-
etry, physics, and industrial technology). We affixed the project
patch to just about everything we produced for the project.
The students were especially proud of their patch on launch

Continued on page 8
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day when they picked up their launch range badges and saw
the project patch and their team patch on their badge.

Lastly, you must have a culminating event for the stu-
dentsto present what they did and learned. | don’t believethis
project would have had the effect on our studentsthat it did if
we had not had our Mission Expo. Besides fulfilling many of
our presentation goals, the Mission Expo allowed our students
to “show off” the great things they learned and did in this
project. Our studentsreally looked at it that way, that it wasan
opportunity to share with each other and the community what
they had done and how much they had accomplished. Remem-
ber, they worked for six months on this project.

Many of them truly relished the opportunity to sharewith
otherswhat they had learned and | believe that giving the stu-
dents the opportunity to share with others is priceless - and
too rare.

How to Get Started

Thefirst and most important step of planning across cur-
ricular unit is to choose the faculty team. You need to find
people who can work well together and who have the interest
of their students at heart. You must also look for other faculty
memberswho arewilling to work hardin planning and imple-
menting this unit. Thefirst year you do a project of this mag-
nitude will involve alot of time in planning. But, | will tell
you from ateacher’s point of view, it wasworth every minute
we spent on it to see the excitement on Launch Day and the
pride at the Mission Expo (the gym had a energy that to this
day | can’t explain, but warms my heart). We started working
on this unit about six months before we implemented it and
met about 20 times. If you have aready started the school
year and would like to do something thisyear, start small with
maybe just trigonometry and physics. If you teachin alarger
school, you may want to start small the first year and only
involve one teacher from each curricular component. You can
always build from there.

The second thing that should be doneis setting goals
for the unit. As we started discussing the rocketry unit, we
realized we were putting the proverbial cart before the horse;
we should first decide what it is that we wanted our students
to get out of this project. We needed to answer questionslike:
Why should we do this type of project with our students and
what do we expect our students to experience in this project?
Before we discussed more than just the very basics, we wrote
down our goalsfor the unit. This helped us frame the curricu-
lar components and also choose and plan our events. The way

Trigonometry team presenting results from
their parachute efficiency study during the
Mission Expo at the end of the unit.

we evaluated our students and how they were asked to evalu-
ate each other was also based on our goals.

The third step is actually awarning. Keep it “small” the
first year. Our first year we had five curricular components. In
our early meetings we brainstormed many extensions beyond
those five components such as art, journalism, and computer
multimedia. They were great ideas, but we realized quickly
that we could really go wild. For our first year we believed it
would be in our best interest if we just focused on doing a
great job in the five areas we were already developing.

Conclusion

| firmly believe that one of the strenghts of this unit
isitsflexibility. It isaproject that can be adapted to any school
situation and for any combination of courses. We used five
curricular components. You may only focus on two or maybe
three. | do believe that the central components are science and
math. The other components enrich the experiencefor the stu-
dents. Maybe you will be able to incorporate more than five
components. The only thing that limits you is your imagina-
tion. Thisarticle isintended to give you some practical ideas
of how you can use rocketry as a challenging project in the
high school curriculum, but you can mold it your needs and
school environment. You will face some challenges that you
must be willing to deal with and overcome. But again, the
experience your studentswill have isworth the effort. One of
the challenges that many schools may face is a major con-
cern: where do we hold the launch? We are fortunate to be a
school in a small, country town, with a large property. Even
though we are about 10 milesfrom an international airport we

Continued on page 9/
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were able to make this work. You may have to go off your
school property to hold your launch. For help with this prob-
lem you may want to turn to your local NAR section or Civil
Air Patrol Squadron (CAP units often have model rocket
launches for their cadets, so they may be able to provide you
with some ideas).

Our students reflected after the unit that this project
taught them more about working on ateam than anything they
had experienced in the classroom. Studentsreflected that they
experienced pride and great satisfactioninwhat they asagroup
had accomplished. They commented that in some ways they
felt like the rocket boys of Homer Hickam’s book - succeed-
ing despite set backs. | can tell you that we, the teachers, were
truly blown away at the Mission Expo. The students were a
testament to my teaching philosophy - if you challenge stu-
dentsand believein them they will exceed your expectations.
We were so impressed with the displays and the quality of
their presentations. Several students actually commented they
never knew aschool project could be so much fun! Many stu-
dentsreported that they would always remember their feeling
of accomplishment following this unit. One student stated, “I
will take with me knowledge to know | can overcome any-
thing (possibly with help). Honestly, at the beginning of the
project, | thought it would be too hard to determine the alti-
tude.” What wonderful gifts to give young people.
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