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L esson #1
Teachers, thisisabasic

ROCketS lesson plan that you may

modify at your discretion.
Grade Level: 5-6

M odificationsto video: Theremay have been changesto thelesson plan sincethevideo wasmade. This
lesson planreflectsthelatest updates made asaresult of suggestionsfrom teacherswho have presented the
lesson during the daytime program. Please continueto send usyour ideas!

Overall educational objective: Studentswill understand the basi cs of rocketry and be ableto explainthe
rel ationshi ps between mass, acceleration, and thrust.

Associated Standard and CORE obj ectives:
3050-03 Studentswill understand the characteristics and management of water.
3050-0301  Studentswill understand the properties of water.

Materialslist:
1- Nerf® spiraled football 3 - rocket launchers
1-football dart withfins 1-valve/gaugemanifold
nose conetemplates 1- air compressor
fintemplates 1- extension cord
masking tape

heavy construction paper for nosecones& fins

Teacher provides.
1- 2-liter pop bottle (with ring under threads) for every two students
pensand markersto decorate rockets
SCIS0Ors

L esson activities:

1 Sdlect two to four studentsto tossthefootball back and forth. Try to select one person who
doesn’'t know how tothrow a“spiral.” Ask the studentsto describetheflight path of thefootball.
Havethe studentsform ahypothesis about the way to throw thefootball the greatest distancewith
thestraightest path (put aspin on thefootball - “ spiral”). Select twoto four different studentsto
tossthefootball dart. Havethe students comparetheflight paths of thefootball and football dart.
Which oneflew the straightest? With theleast amount of effort? What isthe purpose of thefins?
(to stabilizetheflight and direct thedart in astraight path).



2. Separate studentsinto teamsof two. Have each team assemble onerocket asshowninthevideo.
Usethetemplatesto make one nose coneand 1-5 rocket fins. The studentsmay alter thefinsinto
any shapethey desire. Don't rush the students asthey are decorating and assembling the rockets.
Predict the straightness of the path of arocket without fins. Predict the straightness of the path of a
rocket withfins. (Thisexercise should not exceed 20 minutes.) Comparetherocket’sflight path to
thefootbdl’s, asperformed previoudy.

3. Explain that therocketswill be propelled by pressurized air. Thismeansthat wepumplotsof air
into therocket. What happensto the moleculesof air aswedo this? (The moleculesget closer and
closer together.) What happenswhenwelet theair escape? (Theair moleculeswant to get back
totheir original spacing (pressure) asquickly aspossible.) Theair escapesfromtherocket very
quickly. Thegreater the pressureinsidethe bottle, the higher the speed at which the air escapes
fromtherocket. Thegreater the speed of escape, the greater the distance therocket will fly.
Therefore, the higher the pressure, the higher and farther the rocket will go.

4, When water isadded to therocket, the effect of massisdemonstrated. Beforetheair canleavethe
rocket, thewater must beforced out first. Sincewater has much greater massthan air, it contrib-
utesto amuch greater thrust than air done can provide. Thus, therocketstravel much farther when
they havewater inthem than they doif thereisno water. By varying theamount of water and air in
therocketsand measuring how far they travel, the students can determinethe optimal amount of
water for thegreatest thrust. Havethe students hypothesizethe effect of adding water weight to the
bottle. (Studentswill seethat thethrust the rocket experiences depends on the amount of mass
(water) being expelled and the speed of that expulsion. Thrust isgreatest when massand accelera-
tionaregreatest.) Have each team decide how much water they will add to their rocket.

5. Discussthe safety rulesof thelaunch which areincluded on theinstruction sheet. Fill thebottles
withwater. Takethe studentsto thelaunch areaand preparefor launch.

6. Cadll attentiontothe career fieldsthat arerelated to thismodule. Discusshow students might
preparefor occupationsthat interest them.

7. Allow timeto cleanup. Attheend of theday, put templatesin box with paper that isleft. Junior
Engineering staff will helpload launch equipment if needed.

NOTE: Thisisadaytimemodule. Thelaunchisagreat finaeat the end of theday with the principal
launching therocketsout intheparkinglot area.

REDUCE! REUSE! RECYCLE!: Removethenoseconeand finsfrom therocket bottlesand reuse
during each session.



ROCKETSINSTRUCTION SHEET
Safety rulesfor thelaunch:
Theteacher will inspect al rocketsprior to launching.

1.

2.

3.

Studentsnot involvedin thelaunch areto stand at |east 25 feet from thelaunch area.

NO ONE will approach arocket whileit is pressurized.

Only onerocket islaunched at atime.

DO NOT attempt to catch arocket asit falls.

DO NOT step on any cordsor hoses, asthismay damage them.

The studentsdo not need to pull hard on the cord for therocketsto launch. They arenot starting a
lawn mower. A small tugisall that isneeded.

Launchinginstructions:
Preparethelaunch area. Connect launch pads, gauges, compressor, electrical cords, release cords,
plastic tubing, and stoppers.

1.

Goover safety ruleswiththe students. ALWAY Sfollow the safety rules.

Preparerocketsfor launch.

a
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Fill each rocket with the desired amount of water. You might want to have extrabottlesor
pitchers of water on hand.

Place the stopper plug in the bottle opening.

Turntherocket upsidedown and insert neck of the bottleinto thelaunch door.
Placeflapsof thelaunch assembly ontop of thering on neck of thebottle.

Put thelever inthevertica (up-and-down) position.

K eep thelaunch cord dack.

Clear thelaunch site. Haverocket ownersmoveto the end of thelaunch cord.

Preparefor lift-off.

a

b.

C.

Turn onair compressor and movevalvelever at gaugeto ON position.

Pressurizefirst rocket to 100 pounds. Thesafety control valvewill not alow
morethan 100 pounds pressurein each rocket.

Determineif rocket and observersare ready.

NOTE: IFTHEROCKET NEEDSADJUSTING, DEPRESSURIZE IT BEFORE AP-

d.

€.

Begin countdown.
Pull launch cord onBLAST-OFF!



5. Depressurizationingructions.
a Releasetheair pressure by turning thelever by the gaugeto the OFF position.
b. Removethe plastic tubing by therocket and “ bleed of f” the pressure.
C. Adjust therocket as necessary and begin thelaunch stepsover.

Teacher tips: Withyounger students, demonstrating theideaof thrust can be donewith aballoon. Blow
up abaloonandthenletit go. Theforceof the high-pressureair coming out of the neck makesthe
balloonrushaimlessly indl directions. To givetheballoonalittlemoredirection, blow up the balloon and
dip abuttoninto the balloon’s neck so that the neck closestightly about the button. Let theballoongo. It
will gooff inafairly direct line. Thestretched rubber of theballoon puts pressureontheair inside, but the
button openings control thethrust of therocket.

WHY ? Whentheinflated balloonisclosed, theair ingdeispushed equally inal directions. Astheair
leavestheballoon, it pushesthe balloon forward. Theballoon, likearocket, movesbecause of Newton's
Third Law of Motion, which statesthat for every action thereisan equa and oppositereaction. Inthe
case of the balloon, therubber pushesontheair inside (action), forcing it out theopening. Theair pushes
ontheballoon (reaction). Thereactionforceof theair pushestheballoon inthe oppositedirection of the
actionforce. Liketheballoon, spacecraft are ableto moveforward dueto action-reactionforces. The
enginesof arocket produce gasesthat are pushed out the exhaust (action), and the gas appliesaforceon
therocket (reaction). Thereaction forcepushesagainst therocket, causingittolift up.

Safety precautions. Consult the Jr. Engineering Staff for launch site advice and launch operations. DO
NOT scratch or puncturethe bottlein any way. DO NOT approach the bottle rocket whenit isunder
pressure. DO NOT allow the studentsto view thelaunch from any lessthan 25 feet away from thelaunch
area. DONOT attempt to catchtherocket asit falls. DO NOT put any heavy objectsinsdethe nose
cone. Preparetoget WET!

References:
Popular Mechanicsv174, Feb.’ 97, p.67-9 “Rocketeers’
Inthisarticleamateur rocket scientistsgathered in Nevadato attempt
tolaunch theworld’ shighest flying, kit-built rocket.

TheFuturist v30, July/August’ 96, p.50 “Amateursin Space’

A groupin Californiatriestolaunch a7.5 foot rocket that will leavetheearth’'s
atmosphere and returnto earth, ready for another launch.

Model Rockets by Gregory Vogt 629.47 v8 68

Thisbook explainswhat rocketsare, givesabrief history, discusses practical designsfor conduct-
ing experimentsto understand the principles of rockets, and tellshow to build your own.



Please makeyour studentsawarethat thislesson relatesto thefollowing:

Career Fidlds. Science, TECHNICAL

Occupations. Aeronautical Engineer: Design, construct, and test aircraft, missiles, and spacecraft.
They might a so conduct basic and applied research to eva uate adaptability of materials
and equipment to aircraft design and manufacture. They aso may assistin planning the
technica phasesof aircraft systems, flight operations, and logistics.

WHE DT

Education: Bachelor’'sDegree

Astronaut: Working with the National Aeronautics& Space Administration
(NASA), astronauts man the various space projects. NASA primarily
seeks candidateswith amilitary background that havejet aircraft flight
experienceand enginegring training.

Severa Requirements:

1. Haveat |east abachelor’ sdegree from an accredited ingtitution in engineering, biologi-
ca science, physical science, or mathematics.

2. Havethreeyearsof related professional experiencefollowingthedegree.
3. An advanced degreeisrecommended, but could be substituted with additional years
of work.

4. Must bebetween5'4” and 6’4" .
5. Haveat least 1000 hours pilot-in-command timein ajet aircraft.
6. Beableto passaNASA Class| Spacephysical or an equivalent exam.

M athematician: Create new mathemeatical theoriesand techniquesinvolvingthe
latest technol ogy and solve economic, scientific, engineering, and businessproblems
using mathematica knowledgeand computationa toals.

Education: Bachelor’sDegree

Physicist: Exploreand identify basi ¢ principlesgoverning the structure and behavior of
matter, the generation and transfer of energy, and theinteraction of matter and energy.

Some usethese principlesintheoretica areas, such asthe nature of timeand theorigin of the
universe; othersapply their physi csknowledgeto practical areas such asthe devel opment

of advanced materials, e ectronic and optica devices, and medical equipment. They design
and perform experimentswith lasers, cyclotrons, tel escopes, mass spectrometers, and other
equipment. They attempt to discover lawsthat describetheforcesof nature, such as
gravity, electromagnetism, and nuclear interactions. They asofindwaysto apply physica
lawsand theoriesto problemsin nuclear energy, el ectronics, optics, materials, communica-
tions, aeraogpace technol ogy, navigation equipment, and medicd ingrumentation.

Education: Doctor of Philosophy

How it relates. Mathematiciansdevel op theorieswhich physicistsand astronomers may
useto cal cul ate speeds, accel eration, and distancesthat relate to objectsin space.



BACKGROUND INFORMATION: ROCKETS

Terminology:

1 Mass: The amount of matter contained within an object.

2. Thrust: Force which makes the rocket move upwards.

3. Drag: Force which opposes thrust.

Principles of Mation:

1 Objects at rest stay at rest, objectsin motion stay in motion unless aforce is applied to that object.

2. Forceis equal to mass times acceleration.

3. For every action there is an equal and opposite reaction.

How these principles apply to the water rocket:

1 The water rocket will not move until aforce is exerted on the rocket. The force used to thrust the
rocket upward is pressurized air. Air is placed into the rocket. The more air you put into the rocket
the closer the air molecules are squeezed together. Therefore, when the flaps of the launch pad are
released the air forces its way out of the bottle and the acceleration of the air causes thrust.

2. Force equals mass times acceleration.  Water contains 773 times more mass than air. The acceler-
ation of the water and air downward due to pressurization is only slightly less than that of air alone.
Therefore, by adding water the force increases dramatically.

Mathematical illustration— (not actual calculation)

Air Force= 1g x 10 m/s/s Force = 10 newtons

Water and air Force= 774g x 8 m/s/s Force = 6,192 newtons

This becomes confusing for students because the rocket is not a simple system containing one

measurable force. The student must consider the water they add in terms of two forces:

a. The force the water exerts downward creating thrust.

b. The additional weight water adds to the rocket. |f you increase the mass of the rocket, a
greater forceisrequired for thrust. Thisweight contributes alarge portion to the amount of
drag.

Therefore, an ideal amount of water added to the rocket exists. This can beillustrated in launching

two bottles, one ¥ full of water and one that is ¥ full of water. With equal amounts of air pressure,

the rocket ¥4 full should go higher because it provides more total force. (Total force = thrust — drag).

The amount of water is only one component to drag. The fins and the cone placement will also

determine the amount of drag. Properly attached finswill prevent the rocket from wobbling. A

properly centered nose cone will cause the rocket to fly straight. Cones that are off-centered will

cause the rocket to veer reducing maximum height.

3. Opposite forces cause the thrust of the rocket. The force of the air and water is downward against

the launch pad. Therefore the launch pad exerts an equal force upward onto the bottle rocket. Thisis
easily demonstrated by releasing afilled balloon. The elastic force creates high air pressure inside the
balloon. When the valve to the balloon is opened the air movesto lower pressure outside. This exerts
aforce against the outside air. In turn the outside air exerts an equal force which moves the balloon in
an oppositedirection.



Review Questions:
1. How did welaunch therockets?

2. Whichrocket goeshigher? A rocket with only air, or arocket with air and about 1/4 filled with
water? Why?

3. What' sthe purpose of the cone and wingson therocket?

4, What atmospheric forcesaffect therocketsin-flight behavior?
(gravity, air friction, wind, atmoshperic pressure)
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