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Finished Launcher with various demonstration pridgs:

On rail — basic straw rocket with nose plugged Wwithdowel.

Left to right:

Air drag (task ten) demonstration rocket with canéail;

Rocket weighted with steel rod in nose (tasks éind six);

Rocket with fins angled to spin (task four);

Rocket with large fins (tasks three and eight);

Piper J-3 Cub gliding paper model with straw “ratkeserted (available at
http://nmwg.cap.gov/santafe/Activities/j-3cub.htmfrom http://www.fiddlersgreen.net/models/Aircraft/Piper-
Cub). Print two full sheet sized model at two pagessheet and construct from plain paper;

Space Shuttle gliding paper model with straw “ratkagine (available at
http://www.nasa.gov/audience/foreducators/topnaténwls/listbytype/Space.Shuttle.Glider.htmlPrint full
sheet model at two pages per sheet and constamtgdtain paper;

Basic straw rocket with three fins;

Basic straw rocket with two fins;

“J rocket” (task fourteen);

Larger straw rocket (looser fit = less friction lalgo less force) with paper clip weighted nose.
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Master Vocabulary List:

acceleration - rate at which velocity changes, a ahge in either speed or direction.
drag -- force that works against motion, usually cased by contact with a fluid like water or air
force - a push or a pull that causes changes in nioi
balanced forces act on an object but cancel eachhetr
unbalanced forces act on an object and cause a clggnin motion; unbalanced forces do not
cancel and the remaining net force determines thebgect's motion
friction -- force that works against motion, usuallyy caused by contact with a surface

gravity - force of attraction between objects, forexample between an object and the Earth

gravitational force -- force which causes all objds in the universe to pull on one another,
gravitation force acting between the earth and anlgject is measured as the object’s weight.

inertia -- tendency of objects to resist a changaimotion caused by the object’'s mass
mass -- characteristic of all matter that feels theull of gravity and gives rise to inertia
momentum - how hard it is to slow down or stop anlgect, momentum = masx velocity
Newton's first law: No acceleration can happen witbut a force. An object at rest tends to stay at
rest; an object in motion tends to stay in motion

Newton's second law: An object's acceleration depds on the object's mass and the force
applied to it. Force = masx acceleration

Newton's third law: Whenever one object applies adrce to a second object, the second
object applies an equal and opposite force to thé&$t object.

position - location of an object in space — up/dowreft/right, ahead/behind the student are one way
to define 3-dimensional space

speed - distance an object travels in a certain amat of time

terminal velocity - velocity an object reaches attte point when all forces acting on the object are
balanced so the object is no longer accelerating.

trajectory — the path followed by an object movinghrough space
velocity - measure of an object's speed in a partitar direction

weight - measured force of attraction between an ¢éct and a celestial body, commonly the force of
attraction between and object and the earth.



Simple straw rocket launcher less than $10

Assemble the parts below. Most joints can be press fit. The plunger cap must be glued. Use Schedule

40 tubing for the 1 %" parts to ensure a good fit with the plunger. Drill a 7/32” hole in the 2" plug and
fit the 7/32” tubing (if the fit is loose use epoxy to secure). Cut a rubber band and fit it over the

cylinder, securing the ends with the hose clamp.

The ¥2" elbow must be press fit (no glue) to allow the launch tube to rotate.

Put markings (every %" or so) on plunger to ensure repeatable launches. Mark angles on front of

base to experiment with launch angles and trajectory.

Rockets are made by pinching and taping shut the top of a ¥

Materials/Parts

Lift plunger, slide rocket over tube, and release plunger to launch. Power can be increased by

increasing the initial tension on the rubber band. Efficiency

tape 5-7 times around the bottom of the plunger tube. Wrap for close, but not snug fit. Looser fit is
needed if you wish to launch without the rubber band. Tighter fit gives more power; too tight will bind.
The fit may loosen with use requiring you to occasionally add one additional wrap of teflon.

1 - %" PVC tubing/conduit (6”) $ .50
1 - 1" PVC tubing (18" 80
1 - 1 Sch 40 PVC tubing (18”)  1.02
1 - 1 of 7/32” brass tubing 1.73
1 - 1% PVC elbow .83
1 - 1¥%"-%"PVC adapter plug(s) 1.50
1 - 1"PVC cap .53
1 - %" PVC elbow .28
1 - %" PVC plug 43
Y, straw. For fins, use tape cut to shape. 1 - 2"wide x 3" long U-bolt 1.00
1 - 2" hose clamp .92
is improved by wrapping teflon (plumbing) z“" straight straws
ape

Scrap wood for base
Rubber band

PVC glue / Teflon tape

Variations — the 1” plunger and 1 %" cylinder can be 12™-18" long. Longer tube allows short range
indoor launches using the plunger’s weight for power (no rubber band). For high powered outdoor

use install two rubber bands.

Front view
rubber Side views
band
i l hose
1 I%Iip clamp
mark angles
| —_7/32" tubing on face
piunger __ 1% PVC 9" long 3
18" long
Teflon tape s drill hole (~7/8") \ /
Improves seal 1" PVC to pass tubing
6" Ilong B — 1" cap / \ Jv:_'/vl_
1“PVC 11 — IQ/ elb U-bolt. Countersink for ]E)ase ~Jto r11_2"h5quafev front Optional feet
18" long elbow 1.y 2 elbow zluet;r;):]ggd feet for ace 5"to 6" high.

adapter—may need 1 % - 1
and 1 - ¥z adapters combined
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Straw Rocket ] Nose: pinch shut and tape closed. Add additional wraps of tape for weight if needed.
Alternately, straw can be plugged with clay, a cut down pencil eraser, etc.

Fins: wrap tape around bottom of straw as shown (1). Pinch the two “fins” flat (2).
Trim the tape to desired shape (3).

Straw

tape

— 2. / \\
L o/ . ‘

cut to shape

Tuning the launcher :

Fit the rubber band(s) over the 1 %" cylinder with the plunger removed, then secure the bands with the hose clamp. This will pre-tension the system when
the bands are stretched over the plunger and provide more consistent power at low settings. For outdoor use, fitting additional rubber bands provides
more power; however, the light rockets clear the launch tube so quickly that little change will be seen. Save this trick for launching heavier rockets.

Rockets are powered by air pressure and cease to accelerate as soon as they clear the launch tube. For this reason, there is an upper power limit for any
specific rocket weight/length combination — the point where the rocket clears the launch tube just as the plunger bottoms out. Launching beyond this limit
provides almost no additional performance as the rocket will have left the launch tube before additional air pressure is used. Adding weight to the rocket
or lengthening the rocket body (longer straw or taping two straws end-to-end) allows this power to be used — but these heavier rockets also require more
power to launch.

Wrap teflon (plumbing) tape 5-7 times around the bottom of the plunger tube for the initial fitting. A good fit allows the plunger to drop freely under its own
weight and should launch straws at least 10-15 feet without the rubber band. Too loose a fit will lack power; add 1-2 additional wraps of tape — check
again. Too tight, the plunger will bind and will not drop under its own weight. Remove a wrap of tape — check again. You may be able to use thumb
pressure on the tape wraps to compress/smooth the seal instead. The fit will loosen with use requiring you to occasionally add an additional wrap of
teflon.



Measuring height

Similar Triangles/Right Triangles:
To stimulate students interest in mathematics, you can precisely measure the height of each rocket'’s flight using a simple
3-4-5 right triangle and some string.

1. Draw the pattern below onto some card stock and assemble as shown. Attach the string and weight.

2. To use, one student holds the triangle steady with the string just touching as shown to ensure the sight is level — this
forms a right triangle (vertical direction is perpendicular to horizontal). Another student sights along the top (hypotenuse).
3. To determine the height of a rocket’s flight the students will need to watch several trials (one team is the measuring
team while another is the launching team). Have the students move toward or away from the rocket until they can just
see the rocket make it over the top of the sight.

4. Measure the distance from the student sighting the rocket to the launcher or reference line. Measure the height of the rocket
student’s eye when sighting.
5. Show the students that the sight and the geometry of the rocket’s flight plus their eye’s location form similar triangles.
6. Explain to the students the “magic” of the 3-4-5 triangle in a way appropriate for their grade level (i.e. “it’s really neat, ” v ]Li
right triangle sum of the squares, number series, etc.). 7
7. Have students determine the relationship of the height of the sighting triangle to its bottom length ( %) — ratio, fractions, Pid
division, etc. Pid
8. Have them apply that same relationship to the triangle formed by their position and the rocket’s flight. il
s
The rocket’s height is % of the distance from the student to the launcher/reference line PLUS the height of the student’s 7 — glue/tape at top
eye above the launcher. _Z
GLUE _Z
¥ height above

Alternately, you can use a 45 degreeright N\ _______ // eye
triangle for the sight. In that case, the IFOILD) 1L Z
height above eye is the same as the oz SIGHT
distance to the launcher/reference D -
line. No ratios needed for 4 \
youngest students. o

string just touches

when face vertical

3 eye height
3” E above launcher A «— weight
distance to launcher/reference line
.




Measuring height

Trigonometric functions and right triangles:
Upper grades can precisely measure the height of each rocket’s flight using a protractor and some string.

1. Attach a string and weight to a protractor as shown.
2. To use, one student holds the protractor steady with the string hanging down the center to ensure it's level — this forms

a right triangle (vertical direction is perpendicular to horizontal). Another student sights along a straight edge held against

the protractor.

3. Have the measuring team stand a known distance from the launcher (straight up shot) or perpendicular to the

reference line where the rocket reaches the highest point of its trajectory.

4. To determine the height of a rocket’s flight the student with the straight edge aims at the rocket’s high point while the

holder notes the angle. rocket
5. Measure the height the protractor is being held.

6. Explain to the students that the tangent of the angle for a right triangle is the ratio of the height the rocket reached
above the protractor (opposite side of the right triangle) to the distance from the protractor to the launcher or reference
line (adjacent side of the right triangle).

7. Have students determine the tangent of the angle and solve for the height above the protractor, then add the height of
the protractor to get the rocket’s maximum height.

protractor
glue/tape string at top/90 degrees

height above
Tangent of angle = height above protractor divided by distance to launcher/reference line protractor

/

Height above protractor = tangent of angle times distance to launcher/reference line angle

v

Height of rocket = height above protractor + protractor height above launcher

N

string hangs from

top to center when
D level

. <«— weight
protractor height A 9
above launcher

v

distance to launcher/reference line



Tuning a PVC launcher

Ensuring a good air seal: Wrap teflon (plumbiraget 5-7 times around the bottom of the plunger tube
for the initial fitting. A good fit allows the phger to drop freely in the cylinder under its oweight and
should launch straws at least 10-15 feet withoaitrthbber band. Too loose a fit will lack power; ddd
additional wraps of tape — check again. Too titte,plunger will bind and will not drop under it&io
weight. Remove a wrap of tape — check again. Yay be able to use thumb pressure on the tape wraps
to compress/smooth the seal instead. The fit adsen with use requiring you to occasionally add an
additional wrap of teflon.

Setting the force: Fit the rubber band(s) overlthe” cylinder with the plunger removed, then sedine
bands with the hose clamp. This will pre-tensioz $ystem when the bands are stretched over the
plunger and provide more consistent force at lowrggs. For outdoor use, fitting additional rublbands
provides more force; however, the light rocketackae launch tube so quickly that little changé beé
seen. Save this trick for launching heavier rockets

Reducing friction: Keep the launch tube clean, atin@nd polished.

Tuning straw rockets

Building rockets: A %" straw should slide easilyeo the 7/32” launch tube. If you can find larger
straws, you can use Y¥4” tubing (easier to find)}l@rlaunch tube. Straws that are significantlycped,
crushed or kinked where they slip over the laundie tshould not be used.

To get good results requires a rocket with geliétktra added weight (2-3 wraps of tape, ¥4 of
clay in the nose, 3/8” long piece of %" dowel pluggthe nose, etc.). The simplest rocket consiste
straw, a small piece of tape to seal and securgthehed) nose, and two fins. This is very light
construction, and very light rockets are quickiyvgtd by air drag. They move through the air mike |
a foam ball than a lead bullet (specifically thea®f rocket mass to frontal area, which contanag, is
low). Because they are light, the rockets’ kinetiergy is small since energy is proportional tesna
This energy is quickly lost to drag — that dragnigeiletermined by the rockets’ size and shape and
proportional to the square of the velocity.

Very light rockets also leave the launcher at alamvelocity because they are quickly
accelerated beyond the end of the launch tube in@tiaeir acceleration. At similar velocities, the
lightest rocket has less energy but much the saawe(érontal area) as a heavier rocket. It willsbeved
quickly by air drag and will then tumble.

For most tasks, rockets should be weighted withaat ¥4” of modeling clay (or equivalent
weight) in the nose.

Loading the launcher: Rockets should be placethehaunch tube after raising the plunger. Raisiirg
plunger with the rocket on the launch tube willdd¢a “suck” the rocket down and may cause it talbin
on the launch tube.

Troubleshooting

Failure to launch: Failure to launch is usuallysed by either the rocket binding on the launcle mb
not enough air pressure available to overcomedtieet’'s weight and friction on the launch tube.tHa
former case, gently free the rocket and lowerawdy back into position. In the latter, use mooece or
tune up the seal on the plunger. Straws may i§pimched or well used. Seal the split with tape
discard the rocket.



Lesson ldeas.

Straw rockets can be used to explore several aredsatively. Variations in force from the rublmand
powering the system preclude extreme precision;gvew repeatable relative trials can be done. You
can launch anything you can attach to a strawt(acla a straw to). You can launch paper airpldryes
taping a straw to the airplane (center straw orepapplane to preserve balance). You can sdatirech
tube at 0 degrees and power a toy car by tapinga $ the car. Etc.

You can start by analyzing the launcher and rockétdume of the plunger for each inch of movement:
cylinder 1” diameter (area ¥z inch squared timedpil” tall = .78 cubic inches. Volume of rocket:
cylinder 7/32” diameter by length of straw = .0dmuinches per inch of straw.

You can estimate the strength of the rubber béordg available) by weighing the launcher, then
picking it up by the top of the plunger and measuitiow far the plunger extends. Assuming a linear
relationship, the force per inch is the weight ded by the extension.

Rockets can be weighed then balanced across torfitel the center of gravity. Center of
pressure can be easily found if you make the finside as the straw, then break the profile up éupoal
blocks by area and find where you have half ahaddalf behind (ignores moment arm).

Trajectory — launch several rockets using the samee at varying angles. Graph the distance aighhe
reached at each angle. Discuss which angles gim@émmm range and/or altitude and why.

Vectors — same trial as above. Using constanefarbserve vertical and horizontal components@f th
motion. Show horizontal velocity relatively constéallowing for air resistance) while vertical gelty
varies with acceleration of gravity.

Pressure — discuss hydraulic multiplication. Auader plunger is 1” in diameter (area .78 sq inje O
pound of force yields 1.28 psi (force/area). Ldunhube opening is 3/16” inside diameter (area Bk
For each pound of force on the plunger (1.28 p&)rocket sees only .04 pounds force (pressurestime
area). That's why it doesn't pop like a ballodrhat is also the force that launches it. Of couageis
compressible so actual situation is far more cormple

Assuming away compressibility, moving a 1” cylindé air (.78 cu in) with the plunger
generates a column of air 26” long (.78 cu in/.Q3nsarea) coming out the launch tube — and so the
rocket is (again) launched. You can think of #iésa velocity multiplication, moving the plungergdér
second moves the rocket 26” in that same time.

Aerodynamics — you can build rockets with the fanshe front, middle, and back to see the effect on
stability of having the center of pressure forwandgn with, or aft of the center of gravity (leadsnore

discussion of force vectors thrust, drag, grawetg,). You can also tape various configurationgiofs

to the straw and move them fore and aft to seeffieets.

Etc. The apparatus can be an adjunct activityigtiag math and science lessons on: areas, volumes
vectors, gravity, accelerated motion, air resistacenter of gravity & pressure (rockets), stahiltc. ..
You can launch any light object that you can sticgktraw in/onto — launcher gives you repeatabledau
conditions for paper airplanes, etc.

More advanced classes can increase the numberganaf factors analyzed. The plunger causes a
pressure (PV=nRT) increase and moves an air mlags ffbw) to the launch tube. As it's launcheldet
rocket slides up the tube (friction) and accelex@§fe=ma) clear of the tube (ending its acceleratiath
some initial velocity (V=at). The flying rocketfgectile then has a definite kinetic energy (mases
the square of the velocity) that converts to gedighal potential as it rises and is dissipateadibylrag
(transform to thermal motion of the air). Etc ..cEL



Rocket Data Sheet.
Name/Team:

Rocket: Weight Length

Trial Launch | Launch | Distance Height Time Deviation
Number| Angle Force

G |WIN|F-

Average

Set up the launcher and draw a straight line domgean line with the launch tube. This
is your reference line.
Make rockets as needed. For each, weigh and neeishen record the result.

As you launch each rocket:

1. Write down the launch angle and number of farwés marked on the plunger you used to
launch your rocket.

2. Measure the distance your rocket traveled filmeniauncher to landing.

3. Measure the distance right or left of the refiee line to your rocket’s landing point and
record it as deviation.

4. Measure or observe how high your rocket fl&wsition someone well to the side of the
flight path to observe this.

5. Time how long it takes for your rocket to gorfr the launcher to landing.

The launch area can be indoors or out. Using @anarea eliminates wind errors but
will require you to pre-run the selected tasks akensure the area is large enough and the
ceiling high enough. If necessary, use reduceckfeettings for the trials to keep the activity
under control and the rockets from bouncing ofthaf walls and ceiling. You can also let the
plunger drop without using the rubber band. A weatied launcher can launch the straw rockets
10-20 feet without the rubber band.

I'd recommend dividing the class into teams (3@rts limit the time needed for
multiple trials. Each group builds their rocketés)d conducts the trials.

Technically, these straw rockets are projectilesd¢hed by air pressure. The rocket
analogy and Newton’s Third is stretched as themmimass flow ejected from the rocket to
accelerate it forward.

If your rockets are too light they will be overlgrssitive to air drag, which will stop them
quickly and distort the results. Experiment wilrious weights to get a usable minimum — you
can add weight by wrapping extra tape around tlaglmiof the straw, by taping on a paperclip,
or using various amounts of modeling clay to skealrtose. If the rockets are too heavy they will
require extreme force settings to launch or mayewen make it off of the launch tube.



All tasks can be used to satisfy the following KlarState Standards.

the end of this document.

SCIENCE STANDARDS BENCHMARKS

More details on specific teracks are at

GRADE LEVEL

K 1 2 3 4
SC.K.N.1.1 SC.1.N.1.2 SC.2.N.1.1 SC.3.N.3.1 SC3N.
SC.K.N.1.2 SC.1.N.1.3 SC.2.N.1.2 SC.3.N.3.2 SC3IP.
SC.K.N.1.3 SC.1.N.14 SC.2.N.1.3 SC.3.N.3.3 SClHR.
SC.K.ES.1 SC.1.E.5.2 SC.2.N.1.4 SC.3.P.10.1 saa.p
SC.K.P.13.1 SC.1.P.121 SC.2.N.1.1 SC.3.P.10.2 .Ba21

SC.2.p.8.1
SC.2.P.13.3
GRADE LEVEL

5 6 7 8 9-12
SC.5.N.1.1 SC.6.N.1.1 SC.8.N.1.2 SC.912.N.1.1
SC.5.N.1.2 SC.6.N.1.2 SC.912.N.3.5
SC.5.N.1.3 SC.6.N.1.4 SC.912.P.10.1
SC.5.N.1.4 SC.6.P.11.1 SC.912.P.10.3
SC.5.N.1.6 SC.6.P.13.1 SC.912.P.10.6
SC.5.P.10.1 SC.6.P.13.3 SC.912.P.12.1
SC.5.P.10.2 SC.6.P.1.1 SC.912.P.12.2
SC.5.P.131 SC.912.P.12.3

SC.912.P.12.5
MATHEMATICS STANDARDS BENCHMARKS
GRADE LEVEL
K 1 2 3 4
MA.K.G.3.1 MA.1.G.5.1 MA.2.G.3.1 MA.3.G.3.1 MA.4.A.2
MA.1.G.5.2 MA.2.G.3.4 MA.3.G.3.3 MA.4.G.5.3
MA.2.G.5.4 MA.3.A.4.1
MA.3.A.6.2
MA.3.5.7.1
GRADE LEVEL

5 6 7 8 9-12
MA.5.G.3.1 MA.6.A.3.1 MA.7.G.2.1 MA.8.A.1.1 MA.912a.1
MA.5.G.3.2 MA.6.A.3.2 MA.7.G.2.2 MA.8.A.1.2 MA.912.2
MA.5.A.4.1 MA.6.A.3.4 MA.7.G.4.1 MA.8.A.1.3 MA.912.3
MA.5.A.4.2 MA.6.A.3.5 MA.7.G.4.3 MA.8.A.1.4 MA.912.10
MA.5.G.5.1 MA.6.A.3.6 MA.8.A.1.5 MA.912.C.2
MA.5.G.5.3 MA.6.S.6.1 MA.8.A.1.6 MA.912.C.3

MA.6.S5.6.2 MA.8.G.2.1 MA.912.C.5
MA.8.S.3.1 MA.912.D.9
MA.912.D.10

MA.912.G.5

MA.912.G.8

MA.912.S.2

MA.912.S.3

MA.912.S.4

MA.912.S.5

MA.912.T.2

Additional, task specific benchmarks are listechvéiich task




Task One: launch angle for maximum distance. SC.B.5.4/MA.5.G.5.1/ MA.912.C.3.8

Each team builds one rocket.

Launch each rocket five times at a 20 degree amgjiey 10 units of force.
Repeat for 45 and 70 degrees.

Average the measured distance travelled for emafch angle.

Rocket: Weight Length

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 20deg | 10

2 20 deg 10

3 20deg | 10

4 20deg | 10

5 20 deg 10

Average

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 45deg | 10

2 45 deg 10

3 45 deg 10

4 45deg | 10

5 45 deg 10

Average

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 70 deg 10

2 70deg | 10

3 70 deg 10

4 70deg | 10

5 70 deg 10

Average

Which one went furthest? Why?




Factors affecting the rocket: initial thrust (foycair drag, gravity.

This exercise shows the effect of gravity on masséhe rocket’s speed is the same for
all angles since the amount of force used to mbegeadcket remains the same. The only
difference is the angle. The launch angle chamgsrespect to vertical, and the vertical
direction is defined as the direction of the fofpell) of gravity on a mass — giving it weight.
Mass is a basic property of matter; weight is thred that gravity exerts on a mass.

For the highest launch angles, more of the availfdvce from the plunger is used to
overcome gravity, sending the rocket higher (val}ficSince the total force is constant, this
means less force is available to move the rocketzdatally across the ground. A rocket
launched straight up will fly highest, but will censtraight down and travel no distance across
the ground.

For the lowest launch angles, more force is useddve the rocket across the ground.
However, since less force is available to overcgnawity, the rocket does not fly as high and
drops to the ground quickly while still moving hmwntally. Since the rocket is still moving
when it lands, the extra horizontal force is wastsdilting in a shorter flight than at the best
angle.

The best angle balances these effects by givimgdtket just enough vertical force to
make use of all the horizontal force available.

The trajectory of the rocket is a parabolic argpfagimately). In an ideal system without
air resistance the horizontal velocity (vector &rfpr lower angles) is constant and the vertical
velocity (vector larger for higher angles) is cofierd by gravity. Maximum range is a tradeoff.
Higher angle gives more time in flight, and henaarertime to travel albeit at a lower horizontal
velocity. Lower angle gives a higher horizontdioegy but less time (due to lower vertical
velocity) to travel. A45 degredaunch angle will give maximum distance.

Important factors: too low a launch angle resultgravity pulling the rocket to the
ground before it's stopped by drag forces; too higlangle lets drag stop the rocket while it's
still in the air — the extra force used to overcayravity (fly higher) makes no contribution to
distance.

Upper grades can calculate and graph the trajeatany level of refinement. Launches
are then used to confirm their calculations.

You need to make sure the rockets are not too igghthis task. The lightest rockets
(straw and fins only) will be quickly stopped by drag — resulting in very little difference
between 20 and 45 degrees. Add wraps of tape @f¥abdeling clay to plug the nose to add
weight. You may find you need to use more forcgdba good result with the heavier rockets.



Task Two: launch force for maximum distance.

SC.2.P.13.4/SC.3.E.5.4/ MA5.G.5.1 / MAA.1

Each team builds one rocket.

Launch each rocket five times at a 45 degree amiteg 5 units of force.
Repeat for 10 and 15 units.

Average the measured distance travelled for eace fsetting.

Rocket: Weight Length

Trial Launch | Launch | Distance Height Time Deviation
Number| Angle Force

1 45 deg 5

2 45deg | 5

3 45 deg 5

4 45 deg 5

5 45deg | 5

Average

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 45 deg 10

2 45deg | 10

3 45deg | 10

4 45 deg 10

5 45deg | 10

Average

Trial Launch | Launch | Distance Height Time Deviation
Number| Angle Force

1 45deg | 15

2 45 deg 15

3 45deg | 15

4 45 deg 15

5 45deg | 15

Average

How much additional distance does each increatmde give?
What is the relationship between additional laufeche and distance travelled?




Factors affecting the rocket: initial thrust (foycair drag, gravity.

A force is simply a push or pull (usually on ane). In this activity the force to push
the rocket is provided by the rubber band pulliogvd the plunger and blowing air out of the
launch tube.

Forces are needed to change the motion of objgdtace can make an object move,
move more quickly, change direction, slow downstop.

Forces cannot be seen but their effects can heltadt higher you lift the plunger, the
more you stretch the rubber band and the hardal iblow the air out of the launch tube. The
harder the air blows into the rocket, the morertgion will change (or the more it will
accelerate). You can feel the air by moving thengér while holding your hand over the launch
tube.

The velocity (speed) of an object refers to the cdtmotion of an object. It can be
calculated by measuring the distance traveled éyHhject per unit of time.

The acceleration of an object refers to how the enwent (velocity) of an object is
changing. It measures the change in speed of @ttobj

Newton's second law of motion explains how an dhjekt accelerate (change velocity)
if it is pushed or pulled upon by a force.

Firstly, this law states that if you do place actoon an object, it will accelerate,
i.e., change its velocity, and it will change itdacity in the direction of the force.

Secondly, this acceleration is directly proportiaieethe force. If you are pushing
on an object, causing it to accelerate, and thenpysh three times harder, the
acceleration will be three times greater. If yosiptwice as hard, it will accelerate twice
as much.

Thirdly, this acceleration is inversely proportibt@athe mass of the object. For
example, if you are pushing equally on two objeats] one of the objects has five times
more mass than the other, it will accelerate atfdtiethe acceleration of the other. If it
has twice the mass of the other object, it willderate half as much.

More force yields more acceleration (F =ra) resulting in a higher velocity (v =xa),
giving more kinetic energy (mVv?) and carrying the rocket a longer distance (dxt\ There
are two components to this logic. The faster robles more energy (from the vertical velocity
vector) available to climb against gravity and saahes a higher altitude and stays in flight for a
longer time that a slower rocket. This longertitigllows the rocket to cover more distance at a
given horizontal velocity. In addition, the fastecket’s greater horizontal velocity vector
amplifies this advantage. Holding the launch amglestant ensures the relationship between the
vertical and horizontal velocity vectors remains fame.

More force yields more acceleration and a highigiainvelocity. This higher velocity
makes both the vertical and horizontal componeht®locity proportionately faster.

The rocket starts upward faster (vertical velogiygtor) which means it takes longer for
the constant acceleration of gravity to slow iatstop and bring it down. Thus, the faster rocket
reaches a higher altitude and has a longer hargg tifwice the initial launch force gives twice
the acceleration, yielding twice the vertical véipcand doubling the hang time.

The horizontal velocity is simpler since it is talaly constant and only affected by air
drag. Twice the initial launch force gives twite tacceleration, yielding twice the horizontal



velocity. The horizontal distance traveled by aving object is simply the rate of movement
(velocity) times the time, or:

d(distance) = v(velocity t(time).

So, we end up finding that doubling the force hastdied both the horizontal velocity
and the time the rocket is in the air and moviiigis means that twice the force will send the
rocket four times as far.

Doubling the launch force gives us a new distamgakto 2vx 2t = 4 vx t

Simplifying greatly, the distance the rocket trav@jnoring air resistance) should be
proportional to the square of the rocket’s launeloeity. Since velocity is proportional to the
force, twice the force will ideally send the rockedir times as far if there is no air resistance.
However, you will likely not get this result as tae drag — opposing the rocket’s motion — also
increases as the square of the velocity. Stickdaalitative explanation.

The result is best seen if you demonstrate using stwaightest straw to make a very
light rocket and launching the rocket with minimdmnce. Straight, light straws will minimize
friction losses on the launch tube. Minimum fova# keep the rockets slow and minimize air
drag. Launching at 2 force units (raise pistondkiyl 4 force units should show a significant
result, with the stronger force sending the rockgnificantly more than twice as far as the
lighter force.

The deviation from ideal is very marked for thisea You should see an obvious
increase in range at higher force settings, budifierence will not be extreme. Twice the force
will not launch the rocket four times as far simeech of the additional velocity is quickly lost to
drag. The very light rockets are quickly sloweddiydrag (specifically the ratio of rocket mass
to form and skin drag is low, more like a foam ki#n a lead bullet). The basic rockets have
similar frontal area, regardless of weight, andydsaproportional to that area. Because they are
light, the rockets’ kinetic energy is small. Tlkeisergy is quickly lost to drag — that drag being
determined by the rockets’ size and shape and piopal to the square of the velocity.

Another factor — more launch force yields moregeahut only up to the point where the
rocket leaves the launch tube before the plungioims out. Any remaining air pressure after
that point is wasted. Very light rockets can betloé launch tube before the plunger hits bottom
for high power settings. You can see this clebylyaking two straws and plugging each of
them with a small piece ( %2 “ long) of %2 “ dowekyel the ends to make insertion easier). For
one straw, leave the plug right at the nose. Rk@other, use a piece of coat hangar wire to push
the plug about 1/4 to 1/3 of the way back fromrbee. These rockets are now identical except
for the distance they will slide over the launchedu Fire each rocket with equal force and you
will observe the straw with the shorter “pressuraraber” will not go as far as the other. It
leaves the launch tube more quickly and takes ddgarof less of the launcher’s available air
pressure.



(intentionally blank)
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Task Three: balance and stability. SC.1.P.12.19C.4.P.12.1/MA.5.G.3.2/ MA.7.G.2

Build three (or more) rockets varying the sizegpsh and location of the fins. For
example: put fins on the front, in the middle,ls back end of the straw; make big fins and
small fins; etc. Balance each rocket on a pendiheredge of a ruler to find its balance point
(center of gravity).

Launch each rocket five times at a 30 degree amiteg 10 units of force.

Observe how each rocket flies.

Average the measured distance traveled for eaxtetdype.

Rocket 1: Weight Length .

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 30deg | 10

2 30 deg 10

3 30deg | 10

4 30deg | 10

5 30 deg 10

Average

Rocket 2: Weight Length .

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 30 deg 10

2 30deg | 10

3 30deg | 10

4 30 deg 10

5 30deg | 10

Average

Rocket 3: Weight Length .

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 30 deg 10

2 30deg | 10

3 30 deg 10

4 30deg | 10

5 30 deg 10

Average

How well did each rocket fly?
Which one went furthest? Why?

Which one landed closest to the reference lined2Vh
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Factors affecting the rocket: center of gravityytee of pressure.

Maximum distance and accuracy both depend on tsiagust large enough to stabilize
the rocket and keep it pointed forward (lowest Jitagiard the target. Larger, more stable, fins
add more weight and skin drag that will reducediséance flown.

Forces act on the rocket's center of gravity, abothe middle of a normal straw rocket.
Adding fins moves the center of gravity somewhataal the fins due to the fins’ additional
weight. The fins add air resistance where theyatteched. The increased air resistance moves
the center of pressure (actually the center ofdhfmessure) toward the fins. You can estimate
the center of pressure by drawing the rocket ifileroFor rockets with fins in the middle the
center of pressure will be in the middle of theketdbody. For fins at the front or back, add
about a fin’s length to the closest end, then thkemiddle of the result.

Balance point locates CG

Center of balance/gravity (CG) Il/ !
A Ruler on edge

Center of pressure (CP) M~
Very rough estimate: draw the rocket profile. II/ ]
Add the fin length for two fins (add twice the

fin length for four fins) to the nearest end @

and locate the CP in the middle of the resulting m

drawing. l«—»! ’ ]

L L— ) )

Mid-point approximates the center of pressure

For fins in the middle, put the CP also in the middle.

If the center of pressure is behind the centeraVity, anytime the rocket tries to
get sideways, the tail drags behind and keepsdbke pointed ahead.

If both centers are at the same place (fins imiluglle of the rocket) then the
rocket tumbles since it doesn't care which endnadrd.

If the center of pressure is ahead of the centgrafity (fins on the nose) the
rocket will swap ends and try to fly backward.

Additional trial: take the most stable rocket desand clip a small amount off of each fin.
Launch and record the distance and deviation. i@oathis process. You should observe the
rocket traveling a little further each time. Conig until the deviation increases — you have just
determined the optimum size of the fins to main&ability without excess drag. Continuing to
clip the fins will eventually result in an unstaplembling rocket.
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Task Four: spin and stability.

SC.1.P.12.1/SCR.12.1/ SC.912.P.12.6

Build two (or more) rockets, one with conventiofiak at the rear of the straw and

another with similar fins at the rear angled toxgpie rocket.
Launch each rocket five times at a 30 degree amiteg 10 units of force.

Observe how each rocket flies.
Average the measured distance traveled and dewifttom the reference line for each

rocket type.

Conventional Rocket: Weight

Trial Launch | Launch | Distance Height Time Deviation
Number| Angle Force

1 30 deg 10

2 30 deg 10

3 30 deg 10

4 30 deg 10

5 30 deg 10

Average

Spinning Rocket: Weight Length :
Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 30 deg 10

2 30 deg 10

3 30 deg 10

4 30 deg 10

5 30 deg 10

Average

Which one went furthest? Why?

Which one landed closest to the reference lined2Vh

13




Factors affecting the rocket: center of gravityntee of pressure, angular momentum.

As seen in Task Three, rockets can be stabilizéd fivis that put the center of pressure
behind the center of gravity.

Spinning the rocket adds another factor - angulamentum. A spinning rocket, like a
gyroscope, does not want to turn. The effectrngt enough to overcome badly placed fins
(center of pressure ahead of center of gravity)albfims that spin the rocket can provide
stability just like large tail fins. The spin stied rocket remains stable as long as it's spigni
while one with conventional fins can become leablstas it slows and loses airflow over the
fins - hence a rocket with angled fins may be nstable though the end of its flight and may go
farther than an equally stable rocket using larggaight fins.

Keeping the rocket stable and pointed in one tiords the key to accuracy. The rocket
landing closest to the reference line should bilyisnore stable in flight.

Additional trials, compare the best rocket from K a&ree with one that has:
1) small angled fins on the tail end,

2) small angled fins in the middle of the rocket,

3) small angled fins near the front of the rocket.

14



Task Five: payload (rocket weight) and height — béslone outdoors.
SC.3.E5.4/SC.4.P.8.1/SC.5.P.13.2/SC.5.P.IARA5.G.5.1/ MA.7.A1/ MA.7.A.3.3

Build three (or more) rockets of various weightsake a light, medium, and heavy

rocket. You can vary the weight by adding addiionraps of tape around the middle of each
rocket, taping on paperclips, or using various am®of modeling clay to plug the front of the

straws.

Launch each rocket five times straight up (90 de@ngle) using 10 units of force.
Observe how each rocket flies.

Rocket 1: Weight (light) Length

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 90 deg 10

2 90deg | 10

3 90 deg 10

4 90 deg 10

5 90deg | 10

Average

Rocket 2: Weight (medium) Length

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 90deg | 10

2 90 deg 10

3 90 deg 10

4 90deg | 10

5 90 deg 10

Average

Rocket 3: Weight (heavy) Length

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 90deg | 10

2 90 deg 10

3 90deg | 10

4 90 deg 10

5 90deg | 10

Average

Which rocket went highest? Why?
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Factors affecting the rocket: initial thrust (foycair drag, gravity, inertia (mass).

The lightest rocket will reach highest. A givemde setting will accelerate the least
massive rocket to the highest velocity. The cartgpall of gravity (relatively the same for each
rocket’s mass/inertia) will take longer to decelerthe fastest rocket, allowing it to fly highest.

A given force setting will accelerate the least smasrocket to the highest velocity
(F=mx a and v= & t). Higher launch velocity gives a larger vertiaad horizontal velocity
vector. Higher vertical velocity sends the rodkigiher.

A complication may arise if the rockets are todtiglt should not be a problem
launching straight up, but too light a rocket vadl slowed excessively by air drag and may not
reach highest. Make a test run to determine tmenmuim weight, adding additional wraps of
tape, a paperclip, or clay to the lightest rocketnisure this won’t be a problem.

Too heavy a rocket may not launch so don’t go avarth with the heaviest rocket.

16



Task Six: payload (rocket weight) and range.
SC.3.E.5.4/SC.4.P.8.1/SC.5.P.13.3/84.5.1/ MA.7.A.1/ MA.7.A.3.3

Build three (or more) rockets of various weightsiake a light, medium, and heavy
rocket. You can vary the weight by adding addiionraps of tape around the middle of each
rocket, taping on paperclips, or using various am®wof modeling clay to plug the front of the
straws.

Launch each rocket five times at a 45 degree amgjiegy 10 units of force.

Observe how each rocket flies.

Average the measured distance traveled and dewitbm the reference line for each
rocket type.

Rocket 1: Weight (light) Length

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 45 deg 10

2 45deg | 10

3 45 deg 10

4 45deg | 10

5 45deg | 10

Average

Rocket 2: Weight (medium) Length

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 45deg | 10

2 45 deg 10

3 45 deg 10

4 45deg | 10

5 45 deg 10

Average

Rocket 3: Weight (heavy) Length

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 45 deg 10

2 45 deg 10

3 45deg | 10

4 45 deg 10

5 45deg | 10

Average

Which rocket went furthest? Why?
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Factors affecting the rocket: initial thrust (foycair drag, gravity, inertia (mass).

The lightest rocket will travel farthest. A givérce setting will accelerate the least
massive rocket to the highest velocity (F xmand v = & t). This is effectively the result
from task two — force setting versus range. Hidaench velocity gives a larger vertical and
horizontal velocity vector. Higher vertical velockeeps the rocket up longer; higher horizontal
velocity carries it farther downrange for each wifitime (d = vx t).

A complication may arise if the rockets are todtigVery light rockets leave the
launcher at a similar velocity because they arg garckly accelerated beyond the launch tube —
ending their acceleration. At similar velocitiéise lightest rocket will be slowed excessively by
air drag, will rapidly tumble and may not go thetli@st. In this case, the heavier rocket will
carry more inertia and travel further. Pre-runéiperiment to make sure this won't be a
problem.

Too heavy a rocket may not launch so don’t go cvairdb.

You may get an intermediate result, with the lightecket falling short, the medium
weight traveling farthest, and the heaviest falkhgrt again. In this case, you can replace the
lightest rocket with one heavier than your previbaavyweight — and you’re back to the classic
result. You can also use this to explore the cpnhokinertia. Sometimes the best learning
occurs in explaining an unexpected result.
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Task Seven: velocity — will need a stop watch.
SC.K.P.12.1/SC.2.P.13.4/ SC.4.P.12.2 ] SC5F2 /| MA.7.A.1

Each team builds one rocket.

Launch each rocket five times at a 30 degree awggiey 5 units of force.

Repeat for 10 and 15 units.

Average the measured distance travelled and mmedch force setting.

Rocket: Weight Length
Trial Launch | Launch | Distance Height Time Deviation
Number| Angle Force
1 30 deg 5
2 30deg | 5
3 30 deg 5
4 30 deg 5
5 30deg | 5
Average
Average speed = distance / time
Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force
1 30deg | 10
2 30 deg 10
3 30 deg 10
4 30deg | 10
5 30 deg 10
Average
Average speed = distance / time
Trial Launch | Launch | Distance Height Time Deviation
Number| Angle Force
1 30deg | 15
2 30 deg 15
3 30deg | 15
4 30 deg 15
5 30deg | 15
Average

Average speed = distance / time

What was the rocket’s average speed for each téhfelce?

Is there a relationship between additional speeddsstance travelled?
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Factors affecting the rocket: initial thrust (foycair drag, gravity.

Accurate timing may be difficult since the rockdta’t travel far. You can qualitatively
observe the speed differences, however. The lanclkaangle results in additional friction as
the rocket lays on the launch tube rather thardstgron its tail. It may not launch well at low
force settings. Keeping the launch tube cleargpelil or just sliding the rocket part way on the
launch tube (be sure to be consistent for each taa offset this effect.

This task can be very complex since the velocigoisstantly changing due to air drag
and gravitational acceleration. In addition, tledoeity vector changes direction along the
trajectory. By keeping the launch angle low andgsn average horizontal velocity you can
get a useful discussion on the relationship betviees, speed, and distance.

Newton’s second law tells us that the force is prtpnal to the acceleration for a fixed mass.
F(force) = m(mass) x a(acceleration).

Each team of students used the same rocket fantire experiment so the mass is the
same. Doubling the force doubles the rocket’s lacagon. Twice the acceleration produces
twice the velocity:

v(velocity) = a(acceleration) x t(time).

The rockets spend almost the same amount of timkeolaunch tube under acceleration,
so doubling the acceleration should double th&inrelocity.

Actual results will likely show a little less thawice the average velocity for twice the
force since air drag is much greater for higheooiilles. Air drag increases as the square of the
velocity, so a rocket flying twice as fast will eeqence four times as much air drag slowing it
down.

More force will yield more speed, but the deviatioom ideal is marked for this case.
The basic equation, Force = Mass times Acceleratimticates doubling the force will double
the acceleration. Launch Velocity = Acceleratioultiplied by Time, and this is where
deviations begin to occur. The launch force isliaggo the rocket only up to the point where
the rocket leaves the launch tube - any remainingrassure after that point is wasted. Faster
acceleration results in the rocket clearing thedéwtube more quickly, reducing the time
available for acceleration — so doubling the foyetds less than twice the velocity. In addition
much of the additional speed of a fast but ligltketd is quickly lost to drag — which rises
quickly since drag is proportional to the squar¢hefvelocity.
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Task Eight: accuracy.

Each team builds one, best rocket — see tasks, tfaner, and five.

Launch each rocket five times at a 45 degree amggiegy 10 units of force.
Put a penny or other marker down at each landimgf paitial impact)
Measure the group size (distance between the tarkiers furthest apart).

Team/Rocket Launch Angle Launch Force Group Size
45 deg 10
45 deg 10
45 deg 10
45 deg 10
45 deg 10
45 deg 10
45 deg 10
45 deg 10

Which rocket was most accurate? Why?

Factors affecting the rocket: stability, inertia.

The most accurate rocket will have enough staltitityeep its nose pointed forward. The
stability can come from tailfins, spin, a trailistick (like a firework rocket), or even a piece of
string attached to the aft end (like a kite’s taif)must also be heavy enough (mass/inertia) to
avoid being stopped by drag forces and then tumgblin

21



Task Nine: trajectory. SC.3.E54
Each team builds one, best rocket — see tasks, tfaar, and five.
Launch each rocket five times at a 45 degree amggiegy 10 units of force.
Launch each rocket five times at a 60 degree amjteg 10 units of force.
Observe the rocket’s flight path from the side.
Describe the rocket’s flight path.

Why does it curve?

Factors affecting the rocket: initial thrust (foycair drag, gravity, vector velocity.

The trajectory is a parabola, slightly steepemeitsilatter part due to air drag.

The vertical velocity vector is controlled by thenstant acceleration of gravity, slowing
the rising rocket and then speeding it up as I fal'he vertical velocity also sees a component
of air drag, but it is less obvious than the gi@idnal effect.

The horizontal velocity vector is controlled by@tinually changing air drag. Air drag
is proportional to the square of the velocity andapidly slows the rocket as it comes off the
launch tube. This distorts the parabolic arc efttlajectory.

Advanced classes can use the launch angle, thetldithe parabola and the distance the
rocket flies, coupled with given acceleration odgty, to calculate the rocket’s initial velocity.
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Task Ten: air drag. SC.3.P.8.2/SC.4.P8.1
MA.3.G.3/MA.4.G.3.1/ MA5.G.3/ MA.6.G.4.1/ MA7.A. 1/ MA.7.G.2/ MA.7.G.4.1

Each team builds two rockets.

Instead of fins for stability, have each team autttavo 2” paper circles. Remove a
wedge from each, one quarter from one circle astguer half from the other. Roll into cones
and tape to hold shape. Snip the tip of each tmieave a ¥4" hole to insert the straw rocket.
Slip the cones over the tails of the rockets amdigewith small pieces of tape.

Measure the base diameter of each cone and ca&dbkatrea of the resulting circle (¥
the diameter squared times pi). This gives yourir@al area of each rocket.

Launch each rocket five times at a 45 degree amighe10 units of force.

Record the distance traveled for each rocket alullede the average.

Rocket 1: Weight Frontal Area

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 45 deg 10

2 45 deg 10

3 45 deg 10

4 45 deg 10

5 45 deg 10

Average

Rocket 2: Weight Frontal Area

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 45 deg 10

2 45 deg 10

3 45 deg 10

4 45 deg 10

5 45 deg 10

Average

Which rocket travels farthest? Why?
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Factors affecting the rocket: initial thrust (foycair drag, gravity.
The rocket with the smaller frontal area has leag @nd travels farthest.

The calculated area gives the frontal area ofdlkat. Air drag is proportional to the
frontal area (adjusted for streamlining) and theasq of the velocity. The velocity of the straw
rockets should be similar and relatively low, se thajor effects will be due to differences in the
frontal area of the rockets. There is also anceffiem the additional weight of the larger cone.
You can correct for this by weighing the rocketd amapping tape around the middle of the
lighter rocket to equalize the weights.

Air drag is caused by the rocket pushing asidaathmolecules at the rocket moves
through the air. Since it is a collision forceisistrong when the rocket is moving rapidly and
very weak when the rocket is moving slowly (justaa collision is catastrophic at 40 mph but an
annoyance at 2 mph). Air drag is a complex fumctrelated to the frontal area and shape of the
rocket as it meets the airflow and the charactesistf the air (density and viscosity). For this
lesson, the important points are: air drag opptseslirection of motion and air drag is
proportional to the square of the rocket’s velacitihis means doubling a rocket’s speed
increases its air drag four times.

Technically, total drag is proportional to the sauaf the velocity and frontal area.
Halving the frontal area for a given shape haltesdrag. The coefficient of drag for a given
shape modifies the final value to take into accdhatshape and other characteristics of the
rocket. More streamlined shapes have a lower icosit of drag, therefore less drag for the
same frontal area or allowing more frontal aregdbr rocket, airplane, car, etc.) for the same
amount of drag.

This lesson also allows you to talk about arean@lgeometry) and constructing cones
(solid geometry).
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Task Eleven: streamlining. SC4.P8.1

Build two (or more) rockets with fins at the talor one, use modeling clay or putty to
plug the top ¥4-%2" of the straw. Use the same amotiday to fashion a pointed nose cone for
the other rocket.

Launch each rocket five times (repairing as nexrg3st a 45 degree angle using 10 units
of force.

Average the measured distance travelled for eade fsetting.

Rocket 1: Weight Length

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 45deg | 10

2 45 deg 10

3 45deg | 10

4 45deg | 10

5 45 deg 10

Average

Rocket 2: Weight Length

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 45deg | 10

2 45 deg 10

3 45 deg 10

4 45deg | 10

5 45 deg 10

Average

Which rocket flies farthest? Why?
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Factors affecting the rocket: initial thrust (foyclorm and skin drag, gravity.

The effect of streamlining on these light rocketl e subtle. This is an indoor activity
to avoid wind effects. It may take many trialget meaningful data and see differences in
average distance flown.

Streamlining reduces the form drag of the rockeallywing the air to flow around the
shape more easily. This decreased drag force stwvocket less, allowing it to travel farther
for a given launch force.

You can also make a nose cone by sharpening thefent:” dowel in a pencil
sharpener, then cutting off the point leaving aldd8t of unsharpened dowel. This untapered
section can be gently forced into the open frowt @ma ¥4” straw to both seal the end and act as
a nose cone. Use sandpaper to slightly blunt éivé po avoid injuries. This produces a nice
rocket but the sharp point is an attractive nuisanc the younger students.
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Task Twelve: lift. SC.5.P.13.4

Build two identical rockets with fins at the tallse card stock to make a small (around
2" wide) horizontal wing. Attach the wing to onacket a little more than half way back from
the nose. Bend the wing ends up slightly.

Launch each rocket five times at a 30 degree amgjiegy 10 units of force.

Average the measured distance travelled and mmedch force setting.

Rocket 1: Weight Length

Trial Launch | Launch | Distance Height Time Deviation
Number| Angle Force

1 30 deg 10

2 30deg | 10

3 30 deg 10

4 30 deg 10

5 30deg | 10

Average

Rocket 2: Weight Length

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 30 deg 10

2 30deg | 10

3 30deg | 10

4 30 deg 10

5 30deg | 10

Average

How does each rocket fly?

Which rocket flies farthest? Why?
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Factors affecting the rocket: initial thrust (foyckrm/skin drag and induced drag, gravity, lift.

This task requires a significant amount of expentagon with the location of the wing
to achieve gliding flight. The winged rockets datossed like paper airplanes for these trials —
continuing until reasonable gliding performancacdbieved before proceeding to the launcher.

The key is to locate the wing so the center of iyas between the leading and trailing
edges. Small adjustments are then made to moweitiges center of pressure (lift) until it is
lined up over the center of gravity. This will gigtable flight without the rocket pitching either
up or down uncontrollably. The task may be easiwu make both vertical and horizontal tail
fins so the rocket looks like an airplane.

Side . Front
Wing Wing

— |
L —

d »
< >

Adjust wing fore or aft to achieve
gliding flight.

Tail fins~

You can also make the above adjustment by tapsmgadl ballast weight ( ¥ “ of thick
wire or a paperclip) to the bottom of the rockdteu Move the weight aft if the rocket noses
down. Move it forward if the rocket noses up tooamm.

Side

Wing

[ — .
— '\: Ballast

<

Adjust weight fore or aft to achieve
gliding flight.

To achieve stable gliding you must balance thee®r
Lift

T

v & — — 1«—Drag

| —
Center of lateral pressure stays l

behind center of gravity for stability Center of gravity

Weight
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This activity is differs from making and flying papairplanes in that the launcher allows
precise comparison between designs because thehlamgle and force is controllable and
repeatable. Winged rockets should be launchedoat angle to allow them to glide rather than
just follow a ballistic trajectory. Launching atgles above about 30 degrees gives results that
will differ little from a basic straw rocket.

You can combine this activity with paper airplaxereises. If you tape a straw to the
paper airplane, you can launch it from the apparatise a straw as long as the airplane and
make sure it's centered fore and aft to avoid chranthe center of gravity.

You can go as far into the aerodynamic discusagoyour class will allow.

Below is a more elaborate demonstration airplarie aicambered wing.

“Airplane”

You can add simple flat wings to any rocket. Below is a more elaborate winged version for demonstration purposes.

1. Cut out the pattern below from card stock, then score the dotted lines. Cut out the openings in the middle of the wing.

2. Fold the leading edge completely under and flatten. Fold the remaining scored lines lightly to form a curved wing surface.
Fold up the tips of the tail.

3. Plug the front %" of the straw with modelling clay or putty.

4. Slide the straw through the openings in the wing as shown, going over the tail section, under the center of the wing, and over
the leading edge. This will form and hold the wing curvature. Use small pieces of tape just behind the wing and ahead of
the tail to hold the straw in place with the leading edge fold 1" to 1 %" back from the nose (straw about 8" long).

5. Test fly by tossing it gently like a paper airplane and adjust the wing slightly forward if the plane dives violently; aft if it
immediately stalls or loops. If it displays no violent tendencies, small adjustments can be made with the trim tabs on the
tail to achieve a stable glide (bend tabs up to correct dive, bend tabs down to correct climbing stall/loop).

Launch between 0 and 20 degrees elevation — much higher will cause the glider to stall.

This makes a heavy glider and a low launch angle increases friction with the launch tube, so it will require a lot of force to
launch (plunger raised 5-6").

wing

" wide
leading edge .
" wide Folded wing shape, side view
" wide — >
. leading edge
" wide g edo

cut out 1/ 4” from front edge, 3/8” from rear
and just wider than the straw. Leave center
section intact. 1/2” p|ug

side view [J1

Total length about 1 %2” |:|_|:l | B N W

shorter than straw. tail 3’ \ )
\ tape /

. D 1" to 1-1/4"
v 34 { [P . front view
Y ' '
\M
1/2”
trim tabs
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Below is a simpler glider pattern that can be cotf paper (enlarge so each glider pattern is 6”
long, 5” wide). Folding the center section up &mping it forms a triangular fuselage beam that
stiffens the paper enough to hold the wings sttaigfse ¥2” of clay in the nose and let the straw
protrude 1-1/4” from the front wing edge for balanc

About 1-1/4” for balance dnpioy”
> ----------- Launch 0-20 degrees elevation.
m‘ Performs well over a wide range
/v of launch force.
1/2" clay weight
Straw rocket glider
‘fold down | | fold down
| |
| |
| |
= Q - —_ —_ -
fold down % I; gl % fold down
g 2§ %
8 0§
I I
| .
| | | |
g B - B
i’ | | g g | | g
S . S
s 2 & = s S g
§. IE < | 5 _ umop pioj \ §- IE £ | 5
|
|
|
umop pio} !
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Task Thirteen: maximum range competition.

Provide each team with two straws, tape, claytber weight) and card stock/paper.
Build one rocket that will go as far as possible.

Launch the rocket five times at a 45 degree angjieg 10 units of force.

Record the distance traveled and calculate theageealistance.

Rocket: Weight Length

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 45deg | 10

2 45 deg 10

3 45deg | 10

4 45deg | 10

5 45 deg 10

Average

Whose rocket traveled farthest? Why?
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Factors affecting the rocket: initial thrust (foycdrag, gravity, stability (center of pressure and
angular momentum), mass/inertia, friction.

This task synthesizes previous lessons. Thewoligp factors contribute to range.

Minimizing drag maximizes range. Drag is minimdaghen the frontal area and surface area of thestoc
are least. Practically, this is achieved with $ret@bilizing fins. Angling the fins to spin theaket may allow
smaller fins to be used. This comes at a codiasitergy used to spin up the rocket, increastngnigular
momentum, is extracted from the initial thrust amecteases drag. Angled fins present more ardaetaitflow, also
increasing drag. Loose (non-rigid) structure (kkgailing string used for stability) will increaslrag. The motion
of flexible parts in the airstream potentially egpe more frontal area and sheds turbulent air k-ihoteasing drag.
Streamlining the nose cone is possible, but hies éffect at the speeds achieved with the appsiratu

Sufficient stability is also required for maximuange. Without something to stabilize it (fins,rspi
trailing stick or string) the rocket will tumbleA tumbling rocket will present much more area te #irflow and
therefore have greatly increased drag.

A lighter rocket can also increase range. Thetdiglocket accelerates more quickly and can achaeve
higher launch velocity. This advantage is sligluiset by the lighter rocket using less of theilade initial thrust
since it clears the launch tube more quickly théweavier rocket does. The biggest drawback toabgsoach is
that the only practical way to make a significadidyter rocket is to shorten the straw — signifitta reducing the
available initial thrust as the shorter straw daéie launch tube even more quickly.

More initial thrust will increase range. With add amount of force from the apparatus, the only tea
achieve more initial thrust is to ensure the rodass not clear the launch tube until the plungdtoms (therefore
using all available air pressure). Adding weighthte rocket will do this, but will not increasenge as the
additional weight of a heavy rocket requires maneé to go the same distance as a light rockepingawo straws
together end-to-end to get a straw as long asatimech tube will harvest more of the available atithrust,
somewhat offsetting the additional weight of theder straw.

Devising a release mechanism to restrain the ramkée launch tube until it can “pop” loose mayvieey
effective — so long as the mechanism does notaseréhe friction between the rocket and launch aites release.
One possible mechanism might be VERY small bit&pé on the launch tube that lightly attach toltaek of the
rocket to restrain the rocket as pressure builtigou put tape on the launch tube, it must bedhghly cleaned
afterwards — slight stickiness from residual gluk rgally screw up future launches. A simplerlgase”
mechanism (for basic rockets with the nose pindied) is to bottom the rocket on the tube thenlgestrew it a
quarter turn or less onto the end of the launchk.tubhe pinched nose of the rocket will grip thd ehthe tube, but
cause no interference once the rocket begins telauSome experimentation will be needed as isdbéake
much grip to prevent the rocket from launching.u¥nay want to ban this practice. It shows innoagathinking,
but avoids most of the science points. It is ali$ficult to get consistent results.

A winged rocket able to maintain a steady glideraftunch will achieve significant range despise it
higher initial drag. However, an effective wingjuéres good design and lots of experimentationotitjon it
correctly. In addition, winged rockets have thestradvantage over conventional rockets when betteanched at
low angles. This allows the winged rocket to remalbft longer and potentially travel farther. Inahing at higher
angles (45 degrees for maximum ballistic rangel) wgilially stall the wing — making the winged rockaty a
heavier and more draggy version of a conventiooehtet. If student time and interest allows, thosld be the
winning solution.

The “school solution” is probably a mix of a slighshorter straw (to reduce weight) with small fjost large
enough to stabilize the rocket’s flight.
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Task Fourteen: Newton'’s reaction to Bernoulli’s principle.

Provide each team with five flexible/bendy strgitveo straws to make rockets, the rest
for “experimental wastage”).

Each team builds one rocket withqaligging or pinching the straw. Air must flow
freely through the straw.

Launch the rocket at a 45 degree angle using weaferce is needed.

Compare the distance travelled by each team’s tasie the force needed to launch it.

Each team builds one “standard” straw rocket vh#hriose pinched/taped/plugged shut.

Launch this rocket at 45 degrees and the same &aiting used for the previous rocket.

Compare the distance the first rocket travelleth& of the standard rocket.

Rocket: Weight Length

Trial Launch | Launch | Distance Height Time Deviation
Number | Angle Force

1 45 deg

2 45 deg

3 45 deg

4 45 deg

5 45 deg

Average

Standard Rocket: Weight Length

Trial Launch | Launch | Distance Height Time Deviation
Number| Angle Force

1 45 deg

2 45 deg

3 45 deg

4 45 deg

5 45 deg

Average

How did you get your rocket to launch without pluggthe nose cone?
Which team’s rocket went farthest? Why?

Why is there a difference between the performar¢leeofirst rocket you made and the standard
rocket?
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Factors affecting the rocket: static and dynamigeassure within the launcher and straw rocket
body, velocity of airflow from launcher, inertia.

The solution to launching a straw with open ends bend the straw into a ‘J’ shape so
that the open “front” end points to the rear. Thathy flexible straws are specified. Secure the
bend of your J-rocket with a small piece of tape.

| |

<

flexible section
| /

secure with tape or cIip/E )

The standard straw rocket (nose sealed or pluggadthes because of a pressure rise
within the straw as the air inside the cylindecasnpressed by the launcher’s plunger. This is
static air pressure. Initially, the air is not nmay. It exerts a balanced radial pressure on the
sides of the straw. The pressure also builds agthe inside of the rocket’s nose but is opposed
only by the rocket’s inertia (little inertia frontraw’s small mass). Since the rocket is not
restrained on the launch tube, the force pushingdad is unbalanced and the rocket launches.
So, you have:

Newton'’s First Law: Objects at rest tend to rensainest (inertia of the rocket’s mass that
allows pressure to build);

And Newton’s Third: for every action there is aruaband opposite reaction (air pressure rises,
rocket goes forward).

The J-rocket relies on the same principle; no aiir escape forward, resulting in an unbalanced
force that drives the rocket. However, you wilveanoted that this rocket seems much less
efficient (takes more force to launch) despite hg\an actual rocket exhaust driving air to the
rear. This is due to two factors. The open entthefstraw allows air to escape so rapidly the
plunger cannot compress the air as much as withralard straw rocket. This results in a lower
total system pressure. In addition, the standackat launch involves essentially static air — all
the pressure in the system is static air presduoe.a J-rocket, the air is constantly flowing,
requiring us to consider dynamic air pressure db Wéaus, Bernoulli.

Bernoulli’s principle states that the total pregsur a system equals the sum of the static and
dynamic pressure. For a given total pressure @vailfrom the plunger, more dynamic pressure
(faster airflow) comes at the expense of a decrigesitic pressure — and it’s static pressure that
launches the straw. The total pressure withindbhach apparatus is fixed for a given force
setting due to basic energy conservation principis, the J-rocket effectively sees less launch
force than a standard straw rocket at a given feeténg. More of the pressure within the J-
rocket is dynamic pressure caused by the rapitbairtherefore there is less static pressure
available to launch the rocket.
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Straw Rocket Lesson Plan Development Guide — FAdBidj Idea Science Standards

BIG IDEA 1: The Practice of Science

A: Scientific inquiry is a multifaceted activity; The processes of science include the formulation
of scientifically investigable questions, construction of investigations into those questions, the
collection of appropriate data, the evaluation of the meaning of those data, and the
communication of this evaluation.

B: The processes of science frequently do not correspond to the traditional portrayal of "the
scientific method."

C: Scientific argumentation is a necessary part of scientific inquiry and plays an important role in
the generation and validation of scientific knowledge.

D: Scientific knowledge is based on observation and inference; it is important to recognize that
these are very different things. Not only does science require creativity in its methods and
processes, but also in its questions and explanations.

SC.K.N.1.1

Collaborate with a partner to collect informatiftaam record keeping for all tasks]

SC.K.N.1.2

Make observations of the natural world and knowt thay are descriptors collected using the fivesesn
[observation and record keeping for all tasks]

SC.K.N.1.3

Keep records as appropriate -- such as pictortalrds -- of investigations conductégegam record
keeping for all tasks, draw rocket trajectory]

SC.1.N.1.2

Using the five senses as tools, make careful obsens, describe objects in terms of number, shape,
texture, size, weight, color, and motion, and caompheir observations with othefgeam observation
and record keeping for all tasks]

SC.1.N.1.3

Keep records as appropriate - such as pictorialaitten records - of investigations conductigeam
record keeping for all tasks, draw results of each task]

SC.1.N.1.4

Ask "how do you know?" in appropriate situatiofistial questions for all tasks, what happened and
why]

SC.2.N.1.1

Raise questions about the natural world, investigfagm in teams through free exploration and
systematic observations, and generate appropsiptareations based on those exploratidingial
questions for all tasks, what happened and why]

SC.2.N.1.2

Compare the observations made by different grospsyuhe same toolfcomparison of results
between teams]

SC.2.N.1.3

Ask "how do you know?" in appropriate situationsl @ttempt reasonable answers when asked the same
guestion by otherginitial questions for all tasks, what happened and why]

SC.2.N.1.4

Explain how particular scientific investigationsitd yield similar conclusions when repeatedample
of repeated trials for all tasks]

SC.5.N.1.1

Define a problem, use appropriate reference mégaaasupport scientific understanding, plan anayca
out scientific investigations of various types sash systematic observations, experiments requiheg
identification of variables, collecting and organiz data, interpreting data in charts, tables, gnaghics,
analyze information, make predictions, and defemttlusions[implicit in the structure of all tasks]
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SC.5.N.1.2

Explain the difference between an experiment ahdrdypes of scientific investigatioffior each task,
students ask a questions then conduct an observed a ctivity rather than simply speculating about
results]

SC.5.N.1.3

Recognize and explain the need for repeated expatahtrials [example of repeated trials for all
tasks]

SC.5.N.1.4

Identify a control group and explain its importamecan experimen{each task compares different
conditions (launch angle, force settings, weights, physical configurations, etc.) — select one as the
baseline control group, observe variations and expl ain]

SC.5.N.1.6

Recognize and explain the difference between patsypinion/interpretation and verified observation.
[implicit in comparing results of each task with pr evious opinion]

SC.6.N.1.1

Define a problem from the sixth grade curriculurse appropriate reference materials to support
scientific understanding, plan and carry out sdierihvestigation of various types, such as systém
observations or experiments, identify variabledecband organize data, interpret data in chéatses,
and graphics, analyze information, make predictiansl defend conclusiorismplicit in the structure
of all tasks]

SC.6.N.1.2

Explain why scientific investigations should beliegble.[example of repeated trials for all tasks and
comparison of results between teams]

SC.7.N.14

Identify test variables (independent variables) anome variables (dependent variables) in an
experiment[task charts pre-loaded with test (independent) var  iables and spaces for students to
record dependent variables]

SC.8.N.1.2

Design and conduct a study using repeated trialgelication[example of repeated trials for all

tasks and comparison of results between teams]

For each activity or task, require students to stat e and explain their expected result. Have them
formulate an initial hypothesis/conjecture.

Have them draw a picture (on black board for large groups) showing what they expect to
happen. This is a simple modeling effort. Explain the individual straw rockets are models of
rockets (or airplanes, or whatever you've attached to the straw to launch).

Ask the students what it would take to prove their hypothesis wrong — explain this ability
to disprove or falsify a hypothesis is what disting uishes a testable idea in science.

BIG IDEA 3: The Role of Theories, Laws, Hypotheses, and Models The terms that describe
examples of scientific knowledge, for example; "theory," "law," "hypothesis," and "model" have
very specific meanings and functions within science.

SC.3.N.3.1

Recognize that words in science can have diffaventore specific meanings than their use in everyda
language; for example, energy, cell, heat/cold,eandenceltasks distinguish forces, energy,

velocity, vectors, and other key terms]

SC.3.N.3.2

Recognize that scientists use models to help utadetand explain how things wofkockets model
actual rockets, other projectiles, etc.]

SC.3.N.3.3

Recognize that all models are approximations ainahphenomena; as such, they do not perfectly
account for all observationgach task requires averaging repeated trials to aount for this]

nn

36



SC.4N3.1

Explain that models can be three dimensional, tiweedsional, an explanation in your mind, or a
computer modelrockets model actual rockets, other projectiles, e tc.; student statements and
drawings of initial expectations are also modeling]

For each activity or task, require students to stat e and explain their expected result. Have them
formulate an initial hypothesis/conjecture.

Have them draw a picture (on black board for large groups) showing what they expect to
happen. This is a simple modeling effort. Explain the individual straw rockets are models of
rockets (or airplanes, or whatever you've attached to the straw to launch).

Ask the students what it would take to prove their hypothesis wrong — explain this ability
to disprove or falsify a hypothesis is what disting uishes a testable idea in science.

BIG IDEA 5: Earth in Space and Time Humans continue to explore Earth's place in space.
Gravity and energy influence the formation of galaxies, including our own Milky Way Galaxy,
stars, the Solar System, and Earth. Humankind's need to explore continues to lead to the
development of knowledge and understanding of our Solar System.

SC.K.EE5.1

Explore the Law of Gravity by investigating how ebtis are pulled toward the ground unless something
holds them upfall tasks require an explanation of gravity’s slow ing rockets’ initial upward motion

and subsequently causing them to fall to the ground |

SC.1.E5.2

Explore the Law of Gravity by demonstrating thattB'a gravity pulls any object on or near Earthaoav
it even though nothing is touching the objé¢alt.tasks require an explanation of gravity’s effe  cton
rockets’ initial upward motion]

SC.3.E54

Explore the Law of Gravity by demonstrating thad\gty is a force that can be overcorfiesks 1

(launch angle), 2 (force), 5 (payload/height), 6 (p  ayload/distance), 9 (trajectory) show how initial

launch force can temporarily overcome gravity’s for ce and provide the rockets an initial upward
motion]

BIG IDEA 8: Properties of Matter

A. All objects and substances in the world are made of matter. Matter has two fundamental
properties: matter takes up space and matter has mass.

B. Objects and substances can be classified by their physical and chemical properties. Mass is
the amount of matter (or "stuff”) in an object. Weight, on the other hand, is the measure of force
of attraction (gravitational force) between an object and Earth.

The concepts of mass and weight are complicated and potentially confusing to elementary
students. Hence, the more familiar term of "weight" is recommended for use to stand for both
mass and weight in grades K-5. By grades 6-8, students are expected to understand the
distinction between mass and weight, and use them appropriately

SC.2.p.8.1

Observe and measure objects in terms of their pliepeincluding size, shape, color, temperature,
weight, texture, sinking or floating in water, aattraction and repulsion of magndtsl tasks require
measurement of rocket weight, tasks 10 (airdrag) a  nd 11 (streamlining) depend on the effects of
each rocket’s shape]

SC.3.P.8.2
Measure and compare the mass and volume of salttlBcuids.[the random ideas on page 2 discuss
this in analyzing the launch apparatus itself; task 10 (air drag) requires calculating area]
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SC4.P81

Measure and compare objects and materials basegetomphysical properties including: mass, shape,
volume, color, hardness, texture, odor, tastea@ton to magnetgall tasks require measurement of
rocket weight, tasks 5 (weight/height) and 6 (weigh  t/range) explicitly require measurement; tasks

10 (air drag) and 11 (streamlining) depend on the e  ffects of each rocket’s shape]

BIG IDEA 10: Forms of Energy

A. Energy is involved in all physical processes and is a unifying concept in many areas of
science.

B. Energy exists in many forms and has the ability to do work or cause a change.
SC.3.P.10.1

Identify some basic forms of energy such as lighgt, sound, electrical, and mechanigalnch
apparatus relies on mechanical energy with rubber b and launches]

SC.3.P.10.2

Recognize that energy has the ability to causeanair create changgll tasks, energy from plunger
used to move rocket]

SC.4.P.10.1

Observe and describe some basic forms of energygdimg light, heat, sound, electrical, and thergype
of motion.[all tasks, energy from plunger goes into the energ y of the rocket’s motion]
SC.4.P.10.2

Investigate and describe that energy has theatilitause motion or create changé tasks, energy
from plunger used to move rocket, changing its posi tion and speed]

SC.4.P.104

Describe how moving water and air are sources efggnand can be used to move thirigsinch
apparatus relies on the moving air exiting the laun ch tube to move the rockets — students can feel
the air flow by operating the launcher without a ro cket on the launch tube]

SC.5.P.10.1

Investigate and describe some basic forms of enarghyding light, heat, sound, electrical, cherhica
and mechanicaflaunch apparatus relies on mechanical energy with rubber band launches]
SC.5.P.10.2

Investigate and explain that energy has the alidityause motion or create chan@gé tasks, energy
from plunger used to move rocket]

The straw rocket launcher converts the potential en ergy of the raised plunger and/or stretched
rubber band(s) to the kinetic energy of the rocket’ s motion. There are several stages that can be
discussed specifically or glossed over.

The mechanical potential energy of the stretched ru bber band (if used) and the
gravitational potential energy of the raised plunge ris used to compress and move the air under
the plunger — converting it to kinetic energy in th e motion of the air molecules.

A very small amount of the energy is lost to heata s the air is compressed (analogy with
auto engine).

Additional energy is lost to friction within the ru bber band (repeatedly and rapidly
stretching a rubber band causes a noticeable warmth ) and friction between the plunger and
cylinder — though the Teflon tape gasket reduces th is somewhat.

Energy moves to the launch tube as both a pressure rise and as physical movement of the
air mass since the system is not sealed. The energ vy creates a pressure rise on the forward end of
the rocket that launches it.
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BIG IDEA 11: Energy Transfer and Transformations

A. Waves involve a transfer of energy without a transfer of matter.

B. Water and sound waves transfer energy through a material.

C. Light waves can travel through a vacuum and through matter.

SC.6.P.11.1

Explore the Law of Conservation of Energy by diéfietiating between potential and kinetic energy.
Identify situations where kinetic energy is tramefed into potential energy and vice versa.

The straw rocket launcher converts the potential en ergy of the raised plunger and/or stretched
rubber band(s) to the kinetic energy of the rocket’ s motion. There are several stages that can be
discussed specifically or glossed over.

The mechanical potential energy of the stretched ru bber band (if used) and the
gravitational potential energy of the raised plunge ris used to compress and move the air under
the plunger — converting it to kinetic energy in th e motion of the air molecules.

A very small amount of the energy is lost to heat a s the air is compressed (analogy with
auto engine).

Additional energy is lost to friction within the ru bber band (repeatedly and rapidly
stretching a rubber band causes a noticeable warmth ) and friction between the plunger and
cylinder — though the Teflon tape gasket reduces th is somewhat.

Energy moves to the launch tube as both a pressure wave (increase in system pressure)
and as physical movement of the air mass since the system is not sealed. The pressure pushes
on the forward end of the rocket to launch it.

When launched, the rocket converts its kinetic ener gy into gravitational potential energy
as it rises. It slows since the constant (neglecti ng air drag) total energy of the rocket changes

from the kinetic energy of motion to the potential energy of its additional distance from the center
of the earth. Once the rocket reaches maximum heig  ht and begins to fall it converts that
gravitational potential back into kinetic energy as it accelerates to the ground. The rocket’s
kinetic energy is also lost to air drag, converting the kinetic energy of motion into random heat of

air molecules.

BIG IDEA 12: Motion of Objects

A. Motion is a key characteristic of all matter that can be observed, described, and measured.

B. The motion of objects can be changed by forces.

SC.K.p.12.1

Investigate that things move in different ways,tsas fast, slow, etftask 7 (velocity)]

SC.1.P.12.1

Demonstrate and describe the various ways thattshgan move, such as in a straight line, zigzagkb
and-forth, round-and-round, fast, and slgail.tasks show this as the rockets follow a curved

trajectory; tasks 3 (stability) and 4 (spin) alsos  how more complex motion]

SC4.P.12.1

Recognize that an object in motion always changgsasition and may change its directifafi.tasks
show this as the rockets follow a curved trajectory ; tasks 3 (stability) and 4 (spin) can show more
complex changes in the direction of unstable rocket s]

SC.4.P.12.2

Investigate and describe that the speed of an tolsjdetermined by the distance it travels in d ahi
time and that objects can move at different spded.7 (velocity)]
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BIG IDEA 13: Forces and Changes in Motion

A. It takes energy to change the motion of objects.

B. Energy change is understood in terms of forces--pushes or pulls.

C. Some forces act through physical contact, while others act at a distance.

SC.K.P.13.1

Observe that a push or a pull can change the wapjaat is movingfall tasks demonstrate the push
of air pressure launching the rocket and the pull o f gravity changing its motion]

SC.1.P.13.1

Demonstrate that the way to change the motion albgect is by applying a push or a pidll tasks
demonstrate the push of air pressure launching the rocket and the pull of gravity changing its

motion]

SC.2.P.13.3

Recognize that objects are pulled toward the graumelss something holds them (gl tasks require
an explanation of gravity’'s slowing rockets’ initia | upward motion and subsequently causing them
to fall to the ground; task 12 (lift) shows this fo r functional winged rockets]

SC.2.P.134

Demonstrate that the greater the force (push dy goplied to an object, the greater the changaation
of the object[tasks 2 (force/distance) and 7 (velocity)]

SC.5.P.13.1

Identify familiar forces that cause objects to masgch as pushes or pulls, including gravity acting
falling objects]all tasks demonstrate the push of air pressure lau  nching the rocket and the pull of
gravity changing its motion)]

SC.5.P.13.2

Investigate and describe that the greater the fappéed to it, the greater the change in motioa given
object.[tasks 2 (force/distance) and 7 (velocity)]

SC.5.P.13.3

Investigate and describe that the more mass actdigs, the less effect a given force will haveten
object's motion[tasks 5 (weight/height) and 6 (weight/distance)]

SC.5.P.13.4

Investigate and explain that when a force is apglean object but it does not move, it is becaursgher
opposing force is being applied by something ingheironment so that the forces are balanfeittd
launches demonstrate this if friction holds the roc ket on the launch tube; task 12 (lift)

demonstrates how lift can oppose gravity and “hold up” an airplane]

SC.6.P.13.1

Investigate and describe types of forces includmgtact forces and forces acting at a distancéy asic
electrical, magnetic, and gravitationghiled launches demonstrate friction holding the r ocket on

the launch tube; all tasks demonstrate gravitationa | forces on rockets’ path]

SC.6.P.13.2

Explore the Law of Gravity by recognizing that gvebject exerts gravitational force on every other
object and that the force depends on how much thassbjects have and how far apart they are.
SC.6.P.13.3

Investigate and describe that an unbalanced fatoggeon an object changes its speed, or directfon
motion, or both[all tasks allow discussion of forces causing rocke ts’ initial motion to slow and

curve]
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GRADE 9-12

Standard 1: The Practice of Science

A: Scientific inquiry is a multifaceted activity; The processes of science include the formulation

of scientifically investigable questions, construction of investigations into those questions, the
collection of appropriate data, the evaluation of the meaning of those data, and the
communication of this evaluation.

B: The processes of science frequently do not correspond to the traditional portrayal of "the
scientific method."

C: Scientific argumentation is a necessary part of scientific inquiry and plays an important role in
the generation and validation of scientific knowledge.

D: Scientific knowledge is based on observation and inference; it is important to recognize that
these are very different things. Not only does science require creativity in its methods and
processes, but also in its questions and explanations.

SC.912.N.1.1

Define a problem based on a specific body of kndgée for example: biology, chemistry, physics, and
earth/space science, and do the following:

. pose questions about the natural world,

. conduct systematic observations,

. examine books and other sources of informataet what is already known,

. review what is known in light of empirical eviuee,

. plan investigations,

. use tools to gather, analyze, and interpret @aisincludes the use of measurement in metric
and other systems, and also the generation angietation of graphical representations of data,
including data tables and graphs),

7. pose answers, explanations, or descriptionsasits,

8. generate explanations that explicate or desaowleral phenomena (inferences),

9. use appropriate evidence and reasoning toyuk#fse explanations to others,

10. communicate results of scientific investigasioand

11. evaluate the merits of the explanations prodgeothers.

OO, WNPE

Standard 3: The Role of Theories, Laws, Hypotheses, and Models The terms that describe
examples of scientific knowledge, for example: "theory," "law," "hypothesis" and "model" have
very specific meanings and functions within science.

SC.912.N.3.5

Describe the function of models in science, andtifiethe wide range of models used in science.
For each activity or task, require students to stat e and explain their expected result. Have them
formulate an initial hypothesis/conjecture.

Have them draw a picture (on black board for large groups) showing what they expect to
happen. This is a simple modeling effort. Explain the individual straw rockets are models of
rockets (or airplanes, or whatever you've attached to the straw to launch).

Ask the students what it would take to prove their hypothesis wrong — explain this ability
to disprove or falsify a hypothesis is what disting uishes a testable idea in science.

nn
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Standard 10: Energy

A. Energy is involved in all physical and chemical processes. It is conserved, and can be
transformed from one form to another and into work. At the atomic and nuclear levels energy is
not continuous but exists in discrete amounts. Energy and mass are related through Einstein's
equation E=mc?.

B. The properties of atomic nuclei are responsible for energy-related phenomena such as
radioactivity, fission and fusion.

C. Changes in entropy and energy that accompany chemical reactions influence reaction paths.
Chemical reactions result in the release or absorption of energy.

D. The theory of electromagnetism explains that electricity and magnetism are closely related.
Electric charges are the source of electric fields. Moving charges generate magnetic fields.

E. Waves are the propagation of a disturbance. They transport energy and momentum but do
not transport matter.

SC.912.P.10.1

Differentiate among the various forms of energy eewbgnize that they can be transformed from one
form to others.

The straw rocket launcher converts the potential en ergy of the raised plunger and/or stretched
rubber band(s) to the kinetic energy of the rocket’ s motion. There are several stages that can be
discussed specifically or glossed over.

The mechanical potential energy of the stretched ru bber band (if used) and the
gravitational potential energy of the raised plunge ris used to compress and move the air under
the plunger — converting it to kinetic energy in th e motion of the air molecules.

A very small amount of the energy is lost to heata s the air is compressed (analogy with
auto engine).

Additional energy is lost to friction within the ru bber band (repeatedly and rapidly
stretching a rubber band causes a noticeable warmth ) and friction between the plunger and
cylinder — though the Teflon tape gasket reduces th is somewhat.

Energy moves to the launch tube as both a pressure rise and as physical movement of the
air mass since the system is not sealed. The energ vy creates a pressure rise on the forward end of
the rocket that launches it.

Once launched, the rocket converts its kinetic ener gy into gravitational potential energy as
it rises. Once it reaches maximum height and begin s to fall it converts that gravitational potential
back into kinetic energy. The rocket’s kinetic ene  rgy is also lost to air drag, converting the kineti c
energy of motion into random heat of air molecules.

SC.912.P.10.3
Compare and contrast work and power qualitativaty guantitatively[all tasks allow discussion of
how force (weight of plunger and tension in rubber band) converts to work at it moves the plunger

through a measured distance; the speed of the plung er's motion provides the available power and

the rockets’ motion shows usable power resulting fr om the launch apparatus]

SC.912.P.10.6

Create and interpret potential energy diagramsexample: chemical reactions, orbits around a aéntr
body, motion of a pendulurfenergy diagrams may be created for all tasks]

42



Standard 12: Motion

A. Motion can be measured and described qualitatively and quantitatively. Net forces create a
change in motion. When objects travel at speeds comparable to the speed of light, Einstein's
special theory of relativity applies.

B. Momentum is conserved under well-defined conditions. A change in momentum occurs when
a net force is applied to an object over a time interval.

C. The Law of Universal Gravitation states that gravitational forces act on all objects irrespective
of their size and position.

D. Gases consist of great numbers of molecules moving in all directions. The behavior of gases
can be modeled by the kinetic molecular theory.

E. Chemical reaction rates change with conditions under which they occur. Chemical equilibrium
is a dynamic state in which forward and reverse processes occur at the same rates.
SC.912.P.12.1

Distinguish between scalar and vector quantitiesassess which should be used to describe an event.
[all tasks contain scalar quantities (plunger force /rubber band tension/speed/mass) and vectors
(gravitational and other forces acting on the rocke t trajectory); full explanation of a rocket’s

trajectory requires resolving forces into vertical and horizontal components]

SC.912.P.12.2

Analyze the motion of an object in terms of itsifios, velocity, and acceleration (with respectto
frame of reference) as functions of tirfel tasks — rocket trajectory]

SC.912.P.12.3

Interpret and apply Newton's three laws of mot[alhtasks — rocket trajectory]

SC.912.P.12.5

Apply the law of conservation of linear momentunirtteractions, such as collisions between objects.
[rockets are launched as the linear momentum of the plunger is transferred to the air column,

which transfers its momentum to the rocket; conserv ation can be demonstrated as the slow/short
motion of the heavy plunger becomes the fast/longer motion of the light (less massive) rockets]
SC.912.P.12.6

Qualitatively apply the concept of angular momentfiask 4 — stability and spin]
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Straw Rocket Lesson Plan Development Guide — FddBidj Idea Math Standards

BIG IDEA 3: Order objects by measurable attributes.
MA.K.G.3.1 Compare and order objects indirectlydmectly using measurable attributes such as length
height, and weighfall tasks require measurement of students’ rockets ]

SUPPORTING IDEAS

Geometry and Measurement

MA.1.G.5.1 Measure by using iterations of a uni aount the unit measures by grouping units.
MA.1.G.5.2 Compare and order objects accordingeszdptors of length, weight and capacity.
All tasks require measurement of students’ rockets. Force scale on launch apparatus requires
counting,

BIG IDEA 3: Develop an understanding of linear measurement and facility in measuring lengths.
MA.2.G.3.1 Estimate and use standard units, inolmdiches and centimeters, to partition and measure
lengths of objects.

MA.2.G.3.4 Estimate, select an appropriate tooksnee, and/or compute lengths to solve problems.
All tasks require measurement of students’ rockets and distances associated with their flight.

SUPPORTING IDEAS

Geometry and Measurement

MA.2.G.5.4 Measure weight/mass and capacity/volofabjects. Include the use of the appropriate unit
of measure and their abbreviations including cppgs, quarts, gallons, ounces (0z), pounds (tpsins
(9), kilograms (kg), milliliters (mL) and liters jL[all tasks require measurement of students’ rockets

and distances associated with their flight. Additi onal measuring and analysis of the launcher

itself allows discussion of volume and area.]

BIG IDEA 3: Describe and analyze properties of two-dimensional shapes.

MA.3.G.3.1 Describe, analyze, compare and classifydimensional shapes using sides and angles —
including acute, obtuse, and right angles — anghecinthese ideas to the definition of shapes.
MA.3.G.3.3 Build, draw and analyze two-dimensiosiapes from several orientations in order to
examine and apply congruence and symmetry.

For all tasks, measuring the height of a rocket'st  rajectory by sighting the elevation angle and

resolving the resulting triangle addresses this sta ndard and benchmarks. Task ten (air drag)

addresses area calculations.

SUPPORTING IDEAS

Algebra

MA.3.A.4.1 Create, analyze, and represent pati@ndsrelationships using words, variables, tables an
graphs]all tasks ask students to hypothesize and explain subsequent results.]

Number and Operations

MA.3.A.6.2 Solve non-routine problems by makinghblé, chart, or list and searching for patterns.
For all tasks, the tabulated results of multiple tr ials allow a basic relationship between variablest o
be developed. Students can then extend thatrelati  onship, predict results outside of the initial tria I
parameters, then conduct additional trials to check their prediction.

Data Analysis

MA.3.S.7.1 Construct and analyze frequency tallasgraphs, pictographs, and line plots from data,
including data collected through observations, sysyand experiments.
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For all tasks, the tabulated results of multiple tr ials allow a basic relationship between variablest o
be developed. Students can then extend that relati  onship, predict results outside of the initial tria I
parameters, then conduct additional trials to check their prediction.

BIG IDEA 3: Develop an understanding of area and determine the area of two-dimensional
shapes.

MA.4.G.3.1 Describe and determine area as the nuofteame-sized units that cover a region in the
plane, recognizing that a unit square is the stahdlait for measuring arefiask ten (air drag)

addresses area calculations.]

SUPPORTING IDEAS

Algebra

MA.4.A.4.2 Describe mathematics relationships ugirgressions, equations, and visual representations
All tasks involve the relationship between variable s and equations of motion. Those equations

can be graphed and compared against the observed mo  tion of the rockets.

Geometry and Measurement

MA.4.G.5.3 Identify and build a three-dimensionbjext from a two-dimensional representation of that
object and vice versgall tasks, construction of the straw rockets from a diagram addresses this
benchmark.]

BIG IDEA 3: Describe three-dimensional shapes and analyze their properties, including volume

and surface area.

MA.5.G.3.1 Analyze and compare the properties @-timensional figures and three-dimensional solids
(polyhedra), including the number of edges, facesjces, and types of faces.

MA.5.G.3.2 Describe, define and determine surfaea and volume of prisms by using appropriate units
and selecting strategies and tools.

All tasks allow measurement and calculation of the volume of the launching apparatus and

rockets. Surface area of rocket body and any attac  hed fins/fixtures can be done for tasks three

(stablility) and ten (air drag) to analyze the effe  ct of surface drag on rocket performance.

SUPPORTING IDEAS

Algebra

MA.5.A.4.1 Use the properties of equality to sofwenerical and real world situations.

MA.5.A.4.2 Construct and describe a graph showmgfiouous data, such as a graph of a quantity that
changes over time.

All tasks involve the relationship between variable s and equations of motion. Those equations

can be graphed and compared against the observed mo tion of the rockets.

Geometry and Measurement

MA.5.G.5.1 Identify and plot ordered pairs on thistfquadrant of the coordinate plafel. tasks,
graphing the rockets’ trajectory requires this. Gr aphing task variables — task one angle/distance,
task two force/distance, task five weight/height,t  ask six weight/distance, etc. — addresses this
benchmark.]

MA.5.G.5.3 Solve problems requiring attention t@gximation, selection of appropriate measuring
tools, and precision of measuremdaill.tasks, repeated trials allow discussion of app ~ roximation

and precision of launch apparatus.]

BIG IDEA 3: Write, interpret, and use mathematical expressions and equations.
MA.6.A.3.1 Write and evaluate mathematical exp@ssithat correspond to given situations.
MA.6.A.3.2 Write, solve, and graph one- and twepsiinear equations and inequalities.
MA.6.A.3.4 Solve problems given a formula.
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MA.6.A.3.5 Apply the Commutative, Associative, adibtributive Properties to show that two
expressions are equivalent.

MA.6.A.3.6 Construct and analyze tables, graphsezjuétions to describe linear functions and other
simple relations using both common language anebadgc notation.

All tasks provide an opportunity to have students s olve the relevant equations of motion, then
demonstrate the results with actual trials.

SUPPORTING IDEAS

Geometry and Measurement

MA.6.G.4.1 Understand the concept gkknow common estimates 0f(3.14; 22/7) and use these values
to estimate and calculate the circumference andritee of circlegtask ten explicitly addresses this
benchmark. Analysis of the launch apparatus (Lesso n Ideas p.2) provides additional

opportunities.]

Data Analysis

MA.6.S.6.1 Determine the measures of central tecydémean, median, and mode) and variability
(range) for a given set of data.

MA.6.S.6.2 Select and analyze the measures ofal@atrdency or variability to represent, describe,
analyze and/or summarize a data set for the puspaissnswering questions appropriately.

All tasks using tabulated data for multiple trials and comparison of rockets and launch parameters
address this benchmark.

BIG IDEA 1: Develop an understanding of and apply proportionality, including similarity.
MA.7.A.1.1 Distinguish between situations that preportional or not proportional and use propowion
to solve problems.

MA.7.A.1.2 Solve percent problems, including praobéeinvolving discounts, simple interest, taxess tip
and percents of increase or decrease.

MA.7.A.1.4 Graph proportional relationships andntiyy the unit rate as the slope of the relateddin
function.

MA.7.A.1.5 Distinguish direct variation from othezlationships, including inverse variation.
MA.7.A.1.6 Apply proportionality to measurementrimltiple contexts, including scale drawings and
constant speed.

The relationships of rocket weight, launch force, a nd drag to its performance (tasks two, five, six,
seven, and ten) are expressed proportionally. Basi  cs include: rocket acceleration is proportional

to force applied; acceleration is inversely proport ional to the mass of the rocket; height/distance

flown is inversely proportional to the rocket’s wei ght, etc.

BIG IDEA 2: Develop an understanding of and use formulas to determine surface areas and
volumes of three-dimensional shapes.

MA.7.G.2.1 Justify and apply formulas for surfaceaaand volume of pyramids, prisms, cylinders, and
cones.

MA.7.G.2.2 Use formulas to find surface areas asldme of three-dimensional composite shapes.

All tasks allow measurement and calculation of the volume of the launching apparatus and

rockets. Surface area of rocket body and any attac  hed fins/fixtures can be done for tasks three
(stablility) and ten (air drag) to analyze the effe  ct of surface drag on rocket performance.

BIG IDEA 3: Develop an understanding of operations on all rational numbers and solving linear
equations.

MA.7.A.3.3 Formulate and use different strategeesdlve one-step and two-step linear equations,
including equations with rational coefficienfShe relationship of rocket performance to its weig ht
(tasks five and six) provides an example of a linea  r relationship.]

46



SUPPORTING IDEAS

Geometry and Measurement

MA.7.G.4.1 Determine how changes in dimensionscattee perimeter, area, and volume of common
geometric figures and apply these relationshipotee problemdall tasks allow analysis of the

launch apparatus to identify the changes in cylinde r volume that drive the system. Task ten (air

drag) requires comparison of areas as dimensions ch ange.]

MA.7.G.4.3 Identify and plot ordered pairs in auf quadrants of the coordinate plael tasks allow
plotting the rocket’s position/trajectory in the co ordinate plane. Discussions of the rocket’s

energy state or acceleration over time allow thisa s well.]

BIG IDEA 1: Analyze and represent linear functions and solve linear equations and systems of
linear equations.

MA.8.A.1.1 Create and interpret tables, graphs,randels to represent, analyze, and solve problems
related to linear equations, including analysidafain, range and the difference between discrate a
continuous data.

MA.8.A.1.2 Interpret the slope and the x- and yemepts when graphing a linear equation for a real-
world problem.

MA.8.A.1.3 Use tables, graphs, and models to remtesnalyze, and solve real-world problems related
to systems of linear equations.

MA.8.A.1.4 Identify the solution to a system ofdar equations using graphs.

MA.8.A.1.5 Translate among verbal, tabular, graphénd algebraic representations of linear funstion
MA.8.A.1.6 Compare the graphs of linear and noedinfunctions for real-world situations.

All tasks allow discussion of linear relationships (speed-distance, mass-acceleration, etc.) and
contrast with non-linear relationships (drag-veloci ty squared, kinetic energy-velocity squared,
etc.)

BIG IDEA 2: Analyze two- and three-dimensional figures by using distance and angle.
MA.8.G.2.1 Use similar triangles to solve probleimat include height and distances.

For all tasks, measuring the height of a rocket'st  rajectory by sighting the elevation angle and
resolving the resulting triangle addresses this sta ndard and benchmark.

BIG IDEA 3: Analyze and summarize data sets.

MA.8.S.3.1 Select, organize and construct apprtgdata displays, including box and whisker plots,
scatter plots, and lines of best fit to convey infation and make conjectures about possible
relationshipsiall tasks allow tabulated data from trials to be ¢~ onverted into scatter or box and

whisker plots. Example: task two graph of force v ersus distance on the axes with the results of
multiple trials graphed as a scatter plot.]

FLORIDA MATHEMATICS STANDARDS
SECONDARY BODIES OF KNOWLEDGE

ALGEBRA BODY OF KNOWLEDGE

Standard 1 : Real and Complex Number Systems

Students expand and deepen their understanding of real and complex numbers by comparing
expressions and performing arithmetic computations, especially those involving square roots
and exponents. They use the properties of real numbers to simplify algebraic expressions and
equations, and they convert between different measurement units using dimensional analysis.
MA.912.A.1.4 Perform operations on real numbersl@ding integer exponents, radicals, percents,
scientific notation, absolute value, rational nunshand irrational numbers) using multi-step and
realworld problems.

MA.912.A.1.5 Use dimensional (unit) analysis tofpen conversions between units of measure,
including rates.
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Analysis of the equations of motion, drag, and rock et performance address this standard.
Derivation of the equations provides an opportunity for dimensional analysis.

Standard 2 : Relations and Functions

Students draw and interpret graphs of relations. They understand the notation and concept of a
function, find domains and ranges, and link equations to functions.

MA.912.A.2.1 Create a graph to represent a realeh\gituation.

MA.912.A.2.2 Interpret a graph representing a weaild situation.

All tasks present a real world situation suitable f or students to develop equations and graphs of
rocket performance and relationships between depend ent and independent variables.

Standard 3 : Linear Equations and Inequalities

Students solve linear equations and inequalities.

MA.912.A.3.1 Solve linear equations in one variablat include simplifying algebraic expressions.
MA.912.A.3.3 Solve literal equations for a spedfieariable.

MA.912.A.3.5 Symbolically represent and solve matgp and real-world applications that involve éine
equations and inequalities.

For all tasks, the results of multiple trials and c areful measurement of dependent variable (force,

rocket weight, etc.) provide the opportunity to sol ve equations of motion for unknown variables

and constant parameters.

Standard 10 : Mathematical Reasoning and Problem Solving

In a general sense, all of mathematics is problem solving. In all of their mathematics, students

use problem-solving skills: they choose how to approach a problem, they explain their

reasoning, and they check their results.

MA.912.A.10.1 Use a variety of problem-solving stgies, such as drawing a diagram, making a chart,
guess- and-check, solving a simpler problem, wgitin equation, working backwards, and create a.tabl
MA.912.A.10.2 Decide whether a solution is reas¢mabthe context of the original situation.
MA.912.A.10.3 Decide whether a given statementisgs, sometimes, or never true (statements
involving linear or quadratic expressions, equatjar inequalities rational or radical expressions
logarithmic or exponential functions).

MA.912.A.10.4 Use counterexamples to show thaestants are false.

For all tasks, the students’ formulation of an init ial hypothesis relies on problem solving skills.

Explaining the observed results also requires stude nts to explain their reasoning, with the results

of multiple trials available to check their results . Describing rocket trajectories requires geometri c
analysis of force and motion vectors.

CALCULUS BODY OF KNOWLEDGE

Standard 2 : Differential Calculus

Students develop an understanding of the derivative as an instantaneous rate of change, using
geometrical, numerical, and analytical methods. They use this definition to find derivatives of
algebraic and transcendental functions and combinations of these functions (using, for example,
sums, composites, and inverses). Students find second and higher order derivatives. They
understand and use the relationship between differentiability and continuity. They understand
and apply the Mean Value Theorem.

Students find derivatives of algebraic, trigonometric, logarithmic, and exponential functions.
They find derivatives of sums, products, and quotients, and composite and inverse functions.
They find derivatives of higher order and use logarithmic differentiation and the Mean Value
Theorem.

MA.912.C.2.1 Understand the concept of derivatigergetrically, numerically, and analytically, and
interpret the derivative as an instantaneous rfiatbange, or as the slope of the tangent line.
MA.912.C.2.2 State, understand, and apply the igfinof derivative.
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For all tasks, the rocket’s trajectory provides a ¢ oncrete example of constantly changing motion
controlled by known forces/acceleration. Graphing and solving the equations of motion provide
multiple opportunities to address this standard and benchmarks.

Standard 3 : Applications of Derivatives

Students apply what they learn about derivatives to find slopes of curves and the related
tangent lines. They analyze and graph functions, finding where they are increasing or
decreasing, their maximum and minimum points, their points of inflection, and their concavity.
They solve optimization problems, find average and instantaneous rates of change (including
velocities and accelerations), and model rates of change.

Students find slopes and equations of tangent lines, maximum and minimum points, and points
of inflection. They solve optimization problems and find rates of change.

MA.912.C.3.1 Find the slope of a curve at a paimtluding points at which there are vertical tartgen
lines and no tangent lines.

MA.912.C.3.2 Find an equation for the tangent tme curve at a point and a local linear approxiomat
MA.912.C.3.3 Decide where functions are decreasimgjyincreasing. Understand the relationship
between the increasing and decreasing behavioamd the sign of f' .

MA.912.C.3.4 Find local and absolute maximum andimum points.

MA.912.C.3.6 Use first and second derivatives tip Bketch graphs. Compare the corresponding
characteristics of the graphs of f, f', and f " .

All tasks allow these benchmarks to be addressed in the context of the rocket’s trajectory. Where

f(t) is the position, f'(t) is velocity and f'(t) i s acceleration. Tasks provide a real world example for
this. Additional examples can be seen in drag as a function of the square of the velocity or in

energy calculations.

MA.912.C.3.8 Solve optimization problenigask one provides an opportunity for students to

develop a procedure to analytically solve for optim um launch angle to produce maximum flight
distance. Their analytical solution can then be ch  ecked against experimental results.]
MA.912.C.3.9 Find average and instantaneous rditelsamge. Understand the instantaneous rate of
change as the limit of the average rate of chamggerpret a derivative as a rate of change in appbns,
including velocity, speed, and acceleration.

MA.912.C.3.10 Find the velocity and acceleratioragfarticle moving in a straight line.
MA.912.C.3.11 Model rates of change, including teddarates problems.

For all tasks, the rocket’s trajectory provides a ¢ oncrete example of constantly changing motion
controlled by known forces/acceleration. Graphing and solving the equations of motion provide
multiple opportunities to address this standard and benchmarks.

Standard 5 : Applications of Integration

Students apply what they learn about integrals to finding velocities from accelerations, solving
separable differential equations, and finding areas and volumes. They also apply integration to
model and solve problems in physics, biology, economics, etc. Students find velocity functions
and position functions from their derivatives, solve separable differential equations, and use
definite integrals to find areas and volumes.

MA.912.C.5.1 Find specific antiderivatives usingial conditions, including finding velocity funaths
from acceleration functions, finding position fuiects from velocity functions, and solving appliceits
related to motion along a line.

MA.912.C.5.2 Solve separable differential equatiand use them in modeling.

For all tasks, the rocket’s trajectory provides a ¢ oncrete example of a common textbook problem.
Students can apply academic solutions to real-world , observable data. The initial motion of the
rubber band driven plunger powering the apparatus i s similar to a mass on a spring, a classic
separable differential example.

DISCRETE MATHEMATICS BODY OF KNOWLEDGE
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Standard 9 : Vectors

Students recognize vectors in both two- and three-dimensions and that they are represented
geometrically and algebraically. Students perform basic operations on vectors, including
addition, scalar multiplication, dot product, and cross product. Students solve problems using
vectors.

MA.912.D.9.1 Demonstrate an understanding of theergeric interpretation of vectors and vector
operations including addition, scalar multiplicati@ot product and cross product in the plane and i
three-dimensional space.

MA.912.D.9.2 Demonstrate an understanding of tgeladaic interpretation of vectors and vector
operations including addition, scalar multiplicati@ot product and cross product in the plane and i
three-dimensional space.

MA.912.D.9.3 Use vectors to model and solve appbogproblems.

For all tasks, describing rocket trajectories requi res geometric analysis of force and motion

vectors and resolving right triangles in multiple v ector diagrams.

Standard 10 : Parametric Equations

Students use parametric equations in two dimensions to model time dependant situations and
convert parametric equations to rectangular coordinates and vice-versa.

MA.912.D.10.1 Sketch the graph of a curve in tranplrepresented parametrically, indicating the
direction of motion.

MA.912.D.10.3 Use parametric equations to modeliegiions of motion in the plane.

For all tasks, description of the rocket motion in time addresses this standard and benchmarks.

GEOMETRY BODY OF KNOWLEDGE

Standard 5 : Right Triangles

Students apply the Pythagorean Theorem to solving problems, including those involving the
altitudes of right triangles and triangles with special angle relationships. Students use special
right triangles to solve problems using the properties of triangles.

MA.912.G.5.3 Use special right triangles (30° --680° and 45° - 45°- 90°) to solve problems.
MA.912.G.5.4 Solve real-world problems involvingt triangles.

For all tasks, measuring the height of a rocket'st  rajectory by sighting the elevation angle and
resolving the resulting triangle addresses this sta ndard and benchmarks. Describing rocket
trajectories requires geometric analysis of force a nd motion vectors, resolving right triangles in
multiple vector diagrams.

Standard 8 : Mathematical Reasoning and Problem Solving

In a general sense, mathematics is problem solving. In all mathematics, students use problem
solving skills: they choose how to approach a problem, they explain their reasoning, and they
check their results. At this level, students apply these skills to making conjectures, using axioms
and theorems, constructing logical arguments, and writing geometric proofs. They also learn
about inductive and deductive reasoning and how to use counterexamples to show that a
general statement is false.

MA.912.G.8.2 Use a variety of problem-solving stmags, such as drawing a diagram, making a chart,
guess and-check, solving a simpler problem, wriingquation, and working backwards.
MA.912.G.8.3 Determine whether a solution is reakbmin the context of the original situation.

For all tasks, the students’ formulation of an init ial hypothesis relies on problem solving skills.
Explaining the observed results also requires stude nts to explain their reasoning, with the results

of multiple trials available to check their results . Describing rocket trajectories requires geometri c
analysis of force and motion vectors.

STATISTICS BODY OF KNOWLEDGE
Standard 2 : Data Collection
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Students learn key methods for collecting data and basic sampling principles.

MA.912.S.2.1 Compare the difference between sunexyseriments, and observational studies, and what
types of questions can and cannot be answereghstiaular design.

For all tasks, the students collect observed inform ation in the tabulated results of multiple trials.

Standard 3 : Summarizing Data (Descriptive Statistics)

Students learn to work with summary measures of sets of data, including measures of the
center, spread, and strength of relationship between variables. Students learn to distinguish
between different types of data and to select the appropriate visual form to present different
types of data.

MA.912.S.3.2

Collect, organize, and analyze data sets, deterthinbest format for the data and present

visual summaries from the following:

* bar graphs

* line graphs

 stem and leaf plots

* circle graphs

* histograms

» box and whisker plots

* scatter plots

» cumulative frequency (ogive) graphs

MA.912.S.3.3 Calculate and interpret measureset#nter of a set of data, including mean, mediad,
weighted mean, and use these measures to make rigomgaamong sets of data.

MA.912.S.3.4 Calculate and interpret measures nédnee and standard deviation. Use these measures t
make comparisons among sets of data.

For all tasks, the tabulated results of multiple tr ials allow a basic relationship between variablest o
be developed and graphed (line graph). The multipl e trials provide a real-world data set for

students to use in: creating scatter plots, fitting a line/curve to data points (best fit), and

calculating basic statistical descriptors. Reliabi lity of rockets and launcher can also be analyzed

by looking at variance within the data sets.

Standard 4 : Analyzing Data

Students learn to use simulations of standard sampling distributions to determine confidence
levels and margins of error. They develop measures of association between two numerical or
categorical variables. They can use technological tools to find equations of regression lines and
correlation coefficients.

MA.912.S.4.1 Explain and interpret the conceptsaffidence level and “margin of error”.
MA.912.S.4.2 Use a simulation to approximate samgpdiistributions for the mean, using repeated
sampling simulations from a given population.

MA.912.S.4.3 Apply the Central Limit Theorem tos®problems.

MA.912.S.4.4 Approximate confidence intervals farans using simulations of the distribution of the
sample mean.

MA.912.S.4.5 Find the equation of the least squergsession line for a set of data.

For all tasks, the tabulated results of multiple tr ials allow a basic relationship between variablest o
be developed. The multiple trials provide areal-w  orld data set for students to use in creating

scatter plots and fitting a line/curve to the data points (best fit). Students can then extend that
relationship, predict results outside of the initia | trial parameters, then conduct additional trials to
check their prediction.

Standard 5 : Interpreting Results
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Students gather data and determine confidence intervals to make inferences about means and
use hypothesis tests to make decisions. They learn to use data to approximate p-values and to
determine whether correlations between variables are significant.

MA.912.5.5.8 Use a regression line equation to npaidictions.

For all tasks, the tabulated results of multiple tr ials allow a basic relationship between variablest o
be developed. The multiple trials provide areal-w  orld data set for students to use in creating

scatter plots and fitting a line/curve to the data points (best fit). Students can then extend that
relationship, predict results outside of the initia | trial parameters, then conduct additional trials to
check their prediction.

TRIGONOMETRY BODY OF KNOWLEDGE

Standard 2 : Trigonometry in Triangles

Students understand how the trigonometric functions relate to right triangles and solve word
problems involving right and oblique triangles. They understand and apply the laws of sines and
cosines. They use trigonometry to find the area of triangles.

MA.912.T.2.1 Define and use the trigonometric rai{isine, cosine, tangent, cotangent, secant, and
cosecant) in terms of angles of right triangles.

MA.912.T.2.2 Solve real-world problems involvingink triangles using technology when appropriate.
For all tasks, measuring the height of a rocket'st  rajectory by sighting the elevation angle and

resolving the resulting triangle addresses this sta ndard and benchmarks.
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