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TEACHER GUIDE - GRADES 3-5 - 8 LESSONS

Rockets & Model Rocketry

Elementary track. Lesson plans built on the Washington State K-12
Science Learning Standards (NGSS), with standards, "l can..."
goals, materials, steps, checks with answers and teacher notes.
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The lessons

o Push and go: balloon rockets o Be an engineer: design a stomp rocket
e Up and down: forces on a straw rocket o Test it, fix it: fair tests and improvements
o Find the pattern: launch angles Parachutes: coming down gently

o Fins and balance: why rockets fly straight o Launch day: how high did it go?

Inside this guide

e How to use this guide: lessons at a glance, materials, e Standards map and the full standards text
Rocket Builder
e Safety rules for paper rockets e 8 lesson plans with diagrams, answer keys and teacher
notes
SAFETY

Paper and air rockets only for students. Model rocket motors and kits are rated 12+ and only adults handle
them.

Free lessons from Rocket Builder by Quiver Design Works - rocket.quiverdesignworks.net/learn/elementary - Worksheets: a separate PDF
at the same address. Free to copy for classrooms, co-ops and home school.



TEACHER GUIDE - GRADES 3-5

How to use this guide
DODHDDDHDHDDHHDDHDHIHDDHIHIDDDDHDHDDDHDHDIDHHDDHHDDDHDHIDDDDHDDDDD DD DD DD

Eight 45-minute lessons with paper rockets. Built on the Washington State K-12 Science Learning Standards (the
NGSS). Goes with Rocket Builder by Quiver Design Works (rocket.quiverdesignworks.net), used on a projector or
tablets.

Students build and fly balloon, straw and stomp rockets, test fins and parachutes like engineers, and finish with a
launch day. Rocket Builder is a class tool: the teacher (or a student "driver") designs rockets on the projector,
shows the balance point and push point, and plays the simulated launch. A 3D-printed rocket can appear as an
optional instructor demo. No motors for students: model rocket motors and kits are rated 12+.

Lessons at a glance

LESSON BIG IDEA HANDS-ON ROCKET BUILDER WORKSHEET
1 Every push has a push Balloon rockets on a string Optional: P> Watch it launch E1
back
2 Forces on a rocket; gravity  Build and fly straw rockets Call out the parts of the flight E2
pulls down
3 Patterns help us predict Launch-angle test with a E3

squeeze launcher

4 Fins and balance Swing test: no fins, fins, clay in Find the blue and red dots E4
the nose

5 Criteria and constraints Design and build a stomp rocket =~ Compare two designs ES

6 Test, find the failure, Stomp-rocket fair tests Optional: change one thing, E6

improve build

7 Parachutes and gravity Parachute drop test Which parachute? card E7

8 Launch day Stomp launches, 45° tracking, Compare with the app's E8, 45° card,
parachute rocket predicted height certificate

Short on time? Lessons 1, 2, 4, 7 and 8 make a 5-lesson unit. Lessons 5 and 6 can be one longer block (about 90
minutes).

Materials

Most of it is classroom or household stuff. Rough 2026 US prices for a class of about 25:

ITEM LESSONS ABOUT

Safety glasses, one per student (kids' sizes) 2,3,6,8 $40-75 for a class set
Long balloons (latex-free if needed), string or fishing line, straws 1,2,3 $10

Paper, cardstock, index cards, tape, scissors, paper-towel tubes, modeling clay 2-6 on hand

Empty 500 ml bottles for squeeze launchers 3 free

Protractors 38 $1-3 each
Stomp-rocket launcher (kit) or DIY: 2-litre bottle, 1 m of %-inch (about 2 cm) PVC 5,6, 8 $15-25 kit, $5-8 DIY

pipe, duct tape
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ITEM LESSONS ABOUT

Plastic bags, thread, washers or binder clips, stopwatches 7 on hand
A projector or tablets with Rocket Builder 1,2,4,5 7  free app, no account
8 needed

Using Rocket Builder with grades 3-5

e Open rocket.quiverdesignworks.net in Beginner mode on the projector. No account, download or install.

» Build my rocket, then point at the blue dot (balance point) and the red dot (push point), and the stability score
(green is good).

o P Watch it launch plays the flight: liftoff, push, coast, top, parachute, landing.

e On tablets, groups can try their own designs. Keep it on screen: no downloads, prints or orders in this track.

Optional: the 3D-printed rocket as an instructor demo

e Lesson 4, show-and-tell: a printed Rocket Builder rocket with no motor. Students hold it, find its balance point
and compare it with the app.

e Lesson 8, flight demo: only if an adult experienced with model rockets runs it under the NAR Model Rocket
Safety Code, on a big enough field, with students behind a spectator line. Or visit a local NAR club launch. See
the safety page.

Worksheets

The elementary worksheets (US Letter, big type, lots of pictures, little writing): E1-E8 (one per lesson), a parts-of-
a-rocket page, the paper-rocket safety pledge, 45° sighting cards, a Rocket Scientist certificate and the answer
key. Print at 100%.

Further resources

e Apogee Components, Teach with Model Rockets: their free Rocketry Reservoir handout pack (parts of a rocket,
flight phases, colouring pages, certificates) and lessons for grades 5-8, including The Optimum Descent
Challenge (a parachute lesson). They are written for kit rockets with motors, so use the ideas, not the motor
flights.

e National Association of Rocketry: nar.org for the safety code and local club launches.
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TEACHER

GUIDE - GRADES 3-5

Standards ma

p

Codes are the Washington State K-12 Science Learning Standards adopted in 2013 (the NGSS performance
expectations); see Standards for the full text, the sources, and the matching codes in the new WA Science 2026

draft.
LESSON PERFORNMANCE SCIENCE AND ENGINEERING PRACTICE ~ CROSSCUTTING CONCEPT  MATH / ELA
EXPECTATIONS
1Balloon rockets  3-PS2-1 Planning and carrying out Cause and effect 3.MD.B.3
investigations
2 Straw rockets 3-PS2-1, 5-PS2-1 Engaging in argument from Cause and effect
evidence
3 Launch angles  3-PS2-2 Planning and carrying out Patterns 4.MD.C.6,
investigations 3.MD.B.3
4 Fins and 3-5-ETS1-3, 3-PS2-1  Planning and carrying out Structure and function
balance investigations
5 Design a stomp  3-5-ETS1-1, 3-5- Asking questions and defining Influence of
rocket ETS1-2 problems; designing solutions engineering on people
6 Test and 3-5-ETS1-3, 3-5- Planning and carrying out Cause and effect
improve ETS1-2 investigations
7 Parachutes 5-PS2-1, 3-PS2-1, 3-  Planning and carrying out Cause and effect 3.MD.B.3
5-ETS1-3 investigations
8 Launch day 3-PS2-2, 4-PS3-1, 3- Carrying out investigations; Patterns; energy and 4.MD.C.6,
5-ETS1-3 constructing explanations matter SL.3.4-SL.5.4

Disciplinary core ideas: PS2.A Forces and motion (Lessons 1-4, 7), PS2.B Types of interactions: gravity (2, 7),

PS3.A Definitions of energy (8), ETS1.A-C Engineering design (4-8).

WA Science 2026 key experiences: student-led investigations (Lessons 1, 3, 7), student-led engineering design (5,
6) and science outdoors (3, 6, 8).

The performance expectations, in full

PE WA 2026 OFFICIAL TEXT TAGS LESSONS
CODE

3-PS2-1 S.3.PS21 Plan and conduct an investigation to provide evidence of the effects of INV; 1,2,4,7
balanced and unbalanced forces on the motion of an object. priority

3-PS2- S.3.PS2.2 Make observations and/or measurements of an object's motion to provide 3,8

2 evidence that a pattern can be used to predict future motion.

4-PS3-1 S.4.PS31 Use evidence to construct an explanation relating the speed of an object to 8
the energy of that object.

5-PS2-1 S.5.PS2.1 Support an argument that the gravitational force exerted by Earth on objects is 2,7
directed down.
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PE WA 2026
CODE

3-5- S.3-
ETS1-1 5.ETS11
3-5- S.3-
ETS1-2  5.ETS1.2

3-5- S.3-
ETS1-3  5.ETS1.3

OFFICIAL TEXT

Define a simple design problem reflecting a need or a want that includes
specified criteria for success and constraints on materials, time, or cost.

Generate and compare multiple possible solutions to a problem based on how
well each is likely to meet the criteria and constraints of the problem.

Plan and carry out fair tests in which variables are controlled and failure points
are considered to identify aspects of a model or prototype that can be
improved.

TAGS

ENG

ENG

ENG

LESSONS

5 6

4,6,7 8

Not used: K-2-ETS1 (the K-2 engineering PEs). The elementary track starts at grade 3; a younger sibling can join
the balloon, straw and parachute activities, which also fit K-2-ETS1-1to K-2-ETS1-3.

Sources, the new WA Science 2026 codes and the math and ELA crosswalks:
rocket.quiverdesignworks.net/learn/teachers.

Rocket Builder - Rockets & Model Rocketry - Teacher guide, grades 3-5
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TEACHER GUIDE - GRADES 3-5

Read this page before Lesson 1, and again before launch day (Lesson 8).

The big rules

1.

Paper rockets only. In the elementary track, students fly balloon, straw and stomp (air-pressure) rockets. Model
rocket motors and Rocket Builder kits are rated 12+, and students under 12 don't handle or fly them.

. Glasses on for straw and stomp rockets, for everyone nearby.
. Never aim a rocket at a person, an animal or a window.

4. Wait for "launch!" Count down out loud. Nobody blows, squeezes or stomps until "launch!", and only when

everyone is behind the line.

. Never chase a rocket into a road, a tree, a power line or a neighbour's yard. Tell an adult.

Rules for each activity

Balloon rockets (Lesson 1): nobody stands at the end of the string. Use latex-free balloons if anyone has a latex
allergy.

Straw rockets (Lessons 2, 3): glasses on. One straw per person. Launch in one direction only, and fetch rockets
only when the adult says "clear".

Swing test (Lesson 4): outdoors or in a big room, a string about 1 m long, nobody within 3 m, one swinger at a
time.

Stomp rockets (Lessons 5, 6, 8): glasses on. Only the stomper goes near the launcher. Nobody stands in front
of or leans over the pipe. Load the rocket only when the stomper is off the bottle.

Parachute drops (Lesson 7): an adult does any dropping from a height. Students stay off chairs and tables.
Tracking (Lesson 8): never look at the sun.
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Launch team jobs

10m
high

stomp!

behind the line

.. tracker
_____________________ = |

A
v

10 m
Launch day jobs: launcher, trackers and everyone else behind the line.

JOB WHO

Countdown caller A student

Stomper A student (one at a time)

Trackers (45° cards) Two students

Recorder (launch log) A student

Recovery crew Students, only when the adult says "clear"
Launch boss: checks the area and says "clear" An adult

About the 3D-printed rocket demo

Rocket Builder's printed rockets fly on real model rocket motors, which are rated 12+. In this track the printed
rocket is optional and run by the instructor:

o Show-and-tell (Lesson 4): a printed rocket with no motor in it. Students can hold it and find its balance point.

e Flight demo (Lesson 8, optional): only an adult experienced with model rockets, following the NAR Model
Rocket Safety Code, on a field big enough for the motor. Students watch from behind a spectator line at least 30
feet (10 m) from the pad, never handle motors, igniters or the launch key, and never go to the pad. Visiting a
local NAR club launch as spectators is an easy alternative.

Rocket Builder itself is safe for any age: in the elementary track it is used on a projector or tablet only, with no
downloads, prints or orders.
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LESSON 1 OF 8 - GRADES 3-5

Time: about 45 minutes. Worksheet: E1 Balloon rocket. Rocket Builder: optional, on the projector at the end.

STANDARDS
CODE IN PLAIN WORDS
3-PS2-1 Test how even (balanced) and uneven (unbalanced) pushes change the way something moves.

3.MD.B.3 (math) Show results on a bar graph.

Practice: planning and carrying out investigations. Crosscutting concept: cause and effect.

| can...

e | can explain that a rocket pushes air or gas out the back, and the air pushes the rocket forward.
e | can tell an even push (nothing changes) from an uneven push (it starts, stops, speeds up or turns).
e | canrun a fair test where | change only one thing.

Words to know

e Force a push or a pull.

« Balanced forces pushes that are even. Nothing changes.

e Unbalanced forces pushes that are not even. Something starts moving, stops, speeds up or turns.
e Thrust the push that moves a rocket forward.

Materials

For each group of 3-4:

e 2 long balloons (latex-free if anyone has an allergy)

e 4-5m of string or fishing line, tied between two chairs

» 1drinking straw, tape, a binder clip or clothespin (to hold the balloon shut)
e A tape measure or metre stick

e Worksheet E1and a pencil

Steps

. Hook (5 minutes)

Blow up a balloon, hold it up, and let it go without tying it. Ask: Which way did the air go? Which way did the
balloon go?
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. Learn (10 minutes)

READ ALOUD

When you let go of the balloon, the air rushed out the back. The air pushed back on the balloon, and the
balloon zoomed forward. Every push has a push back. A real rocket does the same thing: it pushes hot gas
out the back, and the gas pushes the rocket up. That push is called thrust.

Before you let go, your fingers held the balloon still. The pushes were even, or balanced, so nothing moved.
When you let go, the push was uneven, or unbalanced, so the balloon moved.

. Do: balloon rockets on a string (20 minutes)

balloon goes forward

start
Ce3

= o
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©)
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—
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air goes back
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0] Tm 2m 3m 4m

Balloon rocket on a string: the air rushes out the back, and the balloon zooms forward.

. Thread . Tie . Blow up . Tape

string through the straw string tight, 4 m or more pinch or clip the end balloon to the straw

Setting up, step by step.

1. Thread the string through the straw. Tie the string tight between two chairs, at least 4 m apart.
2. Blow up a balloon a little (small). Hold the end shut with the clip. Tape the balloon to the straw, opening toward
the start.

3. Pull the straw back to the start. Take off the clip. Measure how far it went. Do it 3 times.
4. Now blow the balloon up alot (big). Do it 3 times again.
5. Circle the farthest try for each size on E1. Colour a bar for each one.

Fair test: only the amount of air changes. Same string, same straw, same balloon, same start line.
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measure from the start line

The setup. A string tied tight between two chairs - B straw on the string - C balloon - D tape - E clip holds the air in - F start line.

. Wrap up (10 minutes)
Talk about it:

e Which balloon went farther? Why? (More air means a longer push.)
» Where were the forces balanced? (Before letting go; at the very end, when it stopped.)
e Where were they unbalanced? (While the air rushed out.)

Check for understanding

1. A balloon pushes air out the back. Which way does the balloon go?
2. A balloon is held still on the string. Are the forces balanced or unbalanced?

3. In our test, what was the one thing we changed?

ANSWER KEY

1. Forward: the opposite way to the air.
2. Balanced (nothing is changing).

3. The amount of air in the balloon.

TEACHER NOTES

o Set up before class: tie the strings, and pre-cut tape strips. Long balloons work best; round ones work too.

e Grade 3: compare which balloon went farther; skip measuring if time is short. Grade 5: find the average of
the 3 tries (add them and divide by 3).

» What to expect: big balloons usually go farther. If every balloon reaches the end of the string, make the
string longer.

» Rocket Builder (optional, 3 minutes): on the projector, open the app in Beginner mode, build any rocket and
press P Watch it launch. Point out the flame at the bottom: hot gas going down, rocket going up, the same
idea as the balloon.

o Real rocket fact: a rocket does not push against the air or the ground. It pushes on its own gas, which is
why rockets work in space.

o Safety: nobody stands at the end of the string. Watch for latex allergies.
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» Projector tip: after Build my rocket, open the launch simulator in Simple mode (big buttons and text, made
for a projector): press P Watch it launch, or add &simple=1 to the launch page's address.
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LESSON 2 OF 8 - GRADES 3-5

Time: about 45 minutes. Worksheet: E2 Straw rocket forces. Rocket Builder: on the projector.

STANDARDS

CODE IN PLAIN WORDS

3-PS2-1 Test how balanced and unbalanced pushes change the way something moves.

5-PS2-1 Use evidence to show that Earth's gravity pulls things down.

Practice: engaging in argument from evidence. Crosscutting concept: cause and effect.

| can...

e | can build a paper straw rocket.
e | can name the forces on a rocket: thrust, gravity (weight) and drag.
e | can use what | saw to explain why every rocket comes back down.

Words to know

e Gravity the pull of the Earth. It always pulls things down, toward the middle of the Earth.
* Weight how hard gravity pulls on something.

e Drag air pushing back on something moving through it.

» Apogee the highest point of a flight.

Materials

For each student:

e A strip of paper about 8 cm x 20 cm, a pencil, a drinking straw
e Tape, scissors, a small piece of cardstock for fins

o Safety glasses

e Worksheet E2

For the class: a projector with Rocket Builder open (Beginner mode).

Steps

. Hook (5 minutes)

Toss a ball straight up. Ask: Why does it always come back down? Would it come down in Australia too?
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. Learn (10 minutes)

READ ALOUD
Three forces act on a rocket. Thrust pushes it up. Gravity pulls it down: that pull is its weight. Drag is the
air pushing back, like when you put your hand out of a car window.

When thrust is bigger than weight and drag, the rocket speeds up. When the push stops, gravity and drag
slow it down. At the very top, called apogee, it stops going up for a moment. Then gravity pulls it back
down. Everywhere on Earth, "down" means toward the middle of the Earth.

1. Launch 2. Going up 3. Top (apogee) 4. Coming down

stops for a moment

1
thrust ]
A .
v dra
drag T Ag
|
|
|
|
gravity gravity gravity
slowing down LN
The forces in each part of the flight. Orange: thrust. Navy: gravity (weight). Dashed grey: drag.
. Do: build and fly straw rockets (20 minutes)
/ -~
\
/ \

— é‘l]‘s glasses on,

roll + tape fold twice 3 fins one sharp puff

Roll it, fold the nose, tape on 3 fins, then glasses on and one sharp puff.
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. Roll . Close . Fins . Launch

tape A
4—

paper strip around a pencil fold the top twice, tape tape 3 small fins slide on a straw, one puff

Building a straw rocket.

1. Roll the paper strip tightly around a pencil. Tape the seam. Slide the pencil out.

2. Fold the top over twice and tape it shut. This is the nose. It must be airtight.

3. Cut 3 small fins (about 3 cm long) from cardstock. Tape them around the bottom.

4. Glasses on. Slide the rocket onto a straw. Aim up and away from people. Blow one sharp puff.
5. Watch: does it go up, slow down, stop and come back down every time?

6. On E2, draw an arrow for each force: on the launch, going up, and coming down.

(@ wrap up with Rocket Builder (10 minutes)

On the projector, press P Watch it launch. Call out each part as the class watches: liftoff, push (boost), coast, top
(apogee), parachute, landing. Ask: What pulled it back down?

Check for understanding

1. Which way does gravity always pull?
2. Your rocket flew up and then came down. What is your evidence that gravity pulled it?
3. Which force pushes a rocket up?

___________________________________________________________________________________________________________________________________________

ANSWER KEY :
1. Down, toward the middle of the Earth.
2. It slowed down, stopped at the top and fell back to the ground, every time. Nothing was pushing it down i

except gravity.
3. Thrust.

____________________________________________________________________________________________________________________________________________

TEACHER NOTES

o Safety: glasses on for everyone in the room. Launch only on your signal ("3, 2, 1, launch!"). Never aim at a
person, pet or window. Straws are for one person only.

e Make it easier: pre-roll the tubes for grade 3, or use a paper template with a line to roll along.

» Grade 5 argument: ask students to write a claim ("Gravity pulls things down") and two pieces of evidence
(their rocket, a dropped ball, people in other countries see things fall too).

o Common mix-up: some students think the rocket "runs out of push" and that is why it falls. Gravity is
pulling the whole time; it just wins once the push stops.

o Keep the rockets for Lesson 3.

» Force arrows: in the launch simulator (Simple mode on the projector), turn on the force arrows. Students
see thrust, gravity and drag change size through the flight, the same arrows as on E2.

Rocket Builder - Rockets & Model Rocketry - Teacher guide, grades 3-5 Page 14



LESSON 3 OF 8 - GRADES 3-5

Time: about 45 minutes. Worksheet: E3 Launch angles.

STANDARDS
CODE IN PLAIN WORDS
3-PS2-2 Measure how something moves, find a pattern, and use it to predict what happens next.

4.MD.C.6 (math) Measure angles with a protractor.

3.MD.B.3 (math) Show results on a bar graph.

Practice: planning and carrying out investigations. Crosscutting concept: patterns.

| can...

e | can set a launch angle with a protractor.
e | can measure how far my rocket goes and record it.
e | can find a pattern in my results and use it to predict a new angle.

Words to know

e Angle how much something is tilted. We measure it in degrees (°).
e Pattern something that happens the same way again and again.
e Predict say what you think will happen, using what you already know.

Materials

For each group:

e Straw rockets from Lesson 2 (or new ones)

e A squeeze launcher: an empty plastic bottle with a straw pushed through a hole in the cap, sealed with modeling
clay

e A protractor taped to the edge of a box or a book

* A tape measure, sticky notes to mark landing spots

o Safety glasses

e Worksheet E3

Steps

. Hook (5 minutes)

Ask: If you want to throw a ball as far as you can, do you throw it flat, straight up, or in between? Let students show
with their arm.
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. Learn (5 minutes)

READ ALOUD

Scientists look for patterns. If something happens the same way each time, we can predict what will
happen next. Today we'll test which tilt, or angle, sends a rocket farthest, and look for the pattern.

. Do: the angle test (25 minutes)
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The angle test: the same squeeze at 30° 45° and 60°. Which lands farthest?
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The angle test. A squeeze bottle with a straw sealed into the cap - B protractor on a box - C straw rocket.

1. Put the rocket on the bottle's straw. Hold the straw along the protractor at 30°.

2. Squeeze the bottle hard, the same way each time. Mark where the rocket lands. Measure the distance.
3. Do 2 tries at 30°, then 2 at 45°, then 2 at 60°.
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4. Colour a bar for the farthest try at each angle on E3.
5. Predict: look at your bars. Will 75° go farther or shorter than 60°? Write your guess, then test it.

Fair test: the same rocket, the same launcher, the same squeeze. Only the angle changes.

. Wrap up (10 minutes)

45° goes farthest.

30° and 60° land near the same spot;
steeper goes higher but shorter.

What to expect: the paths at each angle.

e What pattern did you see? (Going from 30° up to about 45° the rocket went farther; steeper than that, it went
shorter.)

e Was your 75° prediction right? How did the pattern help you guess?

Check for understanding

1. What one thing did we change in our test?
2. Which angle went farthest for most groups?

3. Finish the sentence: "If | launch at 80°, | predict it will go , because S

___________________________________________________________________________________________________________________________________________

! ANSWER KEY i
1. The launch angle.
2. Usually around 45° (often a bit less, about 40°).
3. Shorter, because past about 45° the rockets went shorter each time we tilted up more (it goes high but not
L far). i

____________________________________________________________________________________________________________________________________________

TEACHER NOTES

o Make the squeeze launcher before class. A 500 ml bottle and clay to seal the straw works well. For an
even push, drop a heavy book on the bottle from the same height each time, or have the same student
squeeze every time.

o Real rockets fly almost straight up, not at 45°, so they land close by, inside the field, away from people.
Point this out so no one thinks 45° is how real rockets launch.

e Grade 3: use only 30° 45° and 60° and compare by marking the landing spots with sticky notes (no
measuring). Grade 5: do 3 tries and find the average.

* Protractor help: many students read the wrong scale. Show them which zero to start from.

o Safety: glasses on. Launch in one direction only, with nobody downrange. Students fetch rockets only
when you say "clear".
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o Rocket Builder link: the launch simulator has a launch-angle setting (0-30°). Show 0° and 30° on the
projector: real rockets launch close to straight up so they land near the pad.
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LESSON 4 OF 8 - GRADES 3-5

Fins and balance: why rockets fly straight

Time: about 45 minutes. Worksheet: E4 Swing test. Rocket Builder: on the projector. Optional instructor demo: a 3D-
printed rocket (no motor).

STANDARDS
CODE IN PLAIN WORDS
3-5-ETS1-3 Run fair tests to find where a model fails and what to improve.
3-PS2-1 Test how balanced and unbalanced pushes change the way something moves.

Practice: planning and carrying out investigations. Crosscutting concept: structure and function (the shape of
the fins does a job).

| can...

e | can find a rocket's balance point.
e | can test a rocket with no fins, with fins, and with weight in the nose, and say which flies straight.
» | can explain the rule: the balance point goes in front of the push point.

Words to know

» Fins the flat wings at the back of a rocket. They work like the feathers on an arrow.

e Balance point where the rocket balances on your finger. Rocket Builder shows it as a blue dot.
e Push point where the air pushes on the rocket. Rocket Builder shows it as a red dot.

e Stable flies straight, nose first.

Materials

For each group:

» A paper-towel tube, a cardstock cone for a nose, cardstock for 3 fins (about 6 cm x 5 cm), tape
e A walnut-sized lump of modeling clay

e About 1.5 m of string

e Worksheet E4

For the class: Rocket Builder on the projector. Optional: a printed Rocket Builder rocket (no motor) for the instructor
to show.

Steps

. Hook (5 minutes)

Show an arrow, a dart or a badminton shuttle (or a picture). Ask: Why does it fly point-first? What would happen
without the feathers?
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. Learn (10 minutes)
READ ALOUD
Fins are a rocket's feathers. They keep the nose pointing forward.

Every rocket has a balance point, where it balances on your finger. And it has a push point, where the air
pushes on it. Here's the rule: the balance point must be in front of the push point. Then if the rocket tips,
the air pushes the tail back in line, like a weathervane.

Fins at the back move the push point back. Clay in the nose moves the balance point forward. Both help.

Find the balance point Blue in front of red

balance point (blue dot) push point

\
| E— —¢ e

nose -»>
balance point

your finger

Find the balance point on a finger. The blue dot (balance point) must be in front of the red dot (push point).

Stable: tail swings back Unstable: it tumbles
blue in front of red red in front of blue
air from the side air from the side
air pushes the tail back in line air swings the nose away

Why the rule works: if the push point is behind the balance point, the air swings the tail back in line, like a weathervane.

On the projector: build a rocket in Rocket Builder. Find the blue dot (balance point) and the red dot (push point).
Change the fin shape and build again. Watch the red dot move. If the score is green, it's stable.
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. Do: the swing test (20 minutes)

no fins 3 fins clay in nose

/ \
I \
\ I
\ /
/
\
7/
N\ - P

tumbles v straight v straighter

@ balance point @ push point

The swing test: no fins tumbles; with fins the nose leads; clay in the nose flies straighter.

Go outside or to a big open room. Nobody stands within 3 m of the swinger.

Tie it here

string about 1m long

=% 1>

at the balance point

v

nobody within 3 m
The swing test: string tied at the balance point, swing it in a circle, watch the nose.
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Q no fins G fins G fins + clay in nose Q fins + clay in tail

A
| | ®

1. Build the rocket with no fins. Balance it on a finger to find the balance point. Tie the string there and tape it.

The four test rockets.

2. Swing it in a circle beside you. Does the nose lead? Tick straight, wobbly or tumbles on E4.
3. Tape on 3 fins. Find the new balance point, move the string there, and swing again.

4. Press clay inside the nose. Find the balance point again and swing.

5. Bonus: move the clay to the tail. What happens?

. Wrap up (10 minutes)

e Which version flew straight? Which one failed?
» Why did clay in the tail make it worse? (It pulled the balance point back, behind the push point.)

Check for understanding

1. What do fins do for a rocket?
2. Which dot must be in front: the blue balance point or the red push point?
3. Your rocket tumbles. Name one thing you could change.

ANSWER KEY
1. They keep it flying straight, nose first (like the feathers on an arrow).
2. The blue balance point.

3. Add fins or make them bigger; add a little clay to the nose.

TEACHER NOTES

* What to expect: no fins usually tumbles; fins help; fins plus nose clay flies straight; tail clay wobbles or
tumbles.

e Grade 3: test only "no fins" and "fins plus nose clay". Grade 5: measure the balance point from the nose tip
each time and write it down.

» Swing safety: a short string (about 1 m), a clear space, one swinger at a time.

» Optional instructor demo, a 3D-printed rocket: show a printed Rocket Builder rocket with no motor in it.
Balance it on one finger to find its balance point, point at the fins, and compare it with the blue and red dots
on the screen. Students can hold and look at it. Motors are rated 12+ and only adults handle them, so the
demo never includes a motor or igniter.

* Further resources: Apogee Components' free Rocketry Reservoir
(apogeerockets.com/downloads/PDFs/Rocketry_Education_Pack.pdf) has printable pages on the parts of a
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rocket and on centre of gravity and centre of pressure that you can project or hand out.

e Clay in the nose, on screen: in Rocket Builder's Advanced mode, Nose weight (clay) adds grams to the
nose. Add some, build again, and the class watches the blue dot move forward and the score go up: the
same thing their clay did.
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LESSON 5 OF 8 - GRADES 3-5

Be an engineer: design a stomp rocket

Time: about 45 minutes. Worksheet: E5 Design plan. Rocket Builder: on the projector or tablets.

STANDARDS
CODE IN PLAIN WORDS
3-5-ETS1-1 Say what a design must do (criteria) and what limits it has (constraints: materials, time, cost).

3-5-ETS1-2 Come up with more than one design and compare how well each might work.

Practice: asking questions and defining problems; designing solutions. Crosscutting concept: influence of
engineering on people (engineers improve designs to meet a need).

| can...

e | can name the criteria (what my rocket must do) and the constraints (my limits).
» | can draw two different designs and pick one, giving a reason.

e | can build my rocket from my plan.

Words to know

e Engineer someone who designs things to solve problems.
 Criteria what the design must do to succeed.

e Constraints the limits, like how much paper, tape or time you have.
Prototype a first version you build to test.

Materials

For each student:

» 1sheet of paper, 1index card, 50 cm of tape (that's the constraint!)
e A tube to roll around that fits the stomp launcher (a 2 cm PVC pipe or a marker)
e Scissors, pencil, worksheet E5

For the class: a stomp-rocket launcher (a kit, or a DIY one: a 2-litre bottle, a 1 m length of 2 cm PVC pipe and duct
tape), and Rocket Builder on the projector or tablets.

Steps

. Hook (5 minutes)

READ ALOUD
NASA engineers get a problem: "Build a rocket that can carry this, and land it here." Today you get a
problem too.
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. Define the problem (10 minutes)
Write it on the board and on E5:

e Problem: design a paper rocket that flies straight off the stomp launcher and lands in the target zone.
e Criteria: it flies nose-first - it lands in the zone - it still works after 3 launches.
e Constraints: 1 sheet of paper, 1index card, 50 cm of tape, 15 minutes to build.

Rocket Builder check (3 minutes): on the projector, show two rocket designs side by side (change only the fins,
then build). Ask: Which one meets the criterion "flies straight"? How can we tell? (The score is green; the blue dot
is in front of the red dot.)

. Imagine and plan (10 minutes)

©

(4

. Create

Engineers go round this loop again and again.

1. On E5, draw two different rocket ideas. Change the fins, the nose or the length.
2. Tick which criteria each one might meet. Pick one. Write why.
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(@ Build (15 minutes)

stomp!

s | pipe
( T

rocket

l/‘ paper + 3 fins

air

bottle

about 1 m of 2 cm pipe

The stomp launcher: stomp on the bottle and the air shoots up the pipe into the rocket.

. Roll . Nose . Fins . Name

7

===
4

===
L4

\

L

paper around the pipe twist and tape airtight c

Building a stomp rocket.

rde]:
cut3 |

ut from the index card write it, then test

1. Roll the paper around the tube and tape it. Close the top into a nose and tape it airtight.

2. Cut fins from the index card. Tape them on evenly.
3. Write your name on it. Testing is next lesson!

. Wrap up (5 minutes)
Pairs share: What did you pick, and why?

Check for understanding

1. What is the difference between a criterion and a constraint?
2. Name one constraint in today's challenge.
3. Why do engineers draw more than one idea?
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ANSWER KEY

1. A criterion is what the design must do; a constraint is a limit you must work within.
2.1 sheet of paper, 1index card, 50 cm of tape, or 15 minutes.

3. So they can compare and pick the one most likely to meet the criteria.

TEACHER NOTES

o Target zone: mark a zone with cones about 5-10 m from the launcher. Adjust to your space.

e Grade 3: give a fin template and let students choose between 2 shapes. Grade 5: let students add their own
criterion (for example "goes higher than the basketball hoop").

» Rocket Builder as a class tool: in Beginner mode it takes a few seconds per build. Have one student "drive"
on the projector while the class decides what to change. On tablets, groups can build their own; no account
or download is needed.

* No downloads or printing for this age group. Rocket Builder's printed rockets fly on real motors, which are
rated 12+.

e DIY stomp launcher: tape the PVC pipe into the bottle's mouth airtight. Students stomp on the bottle; the air
shoots up the pipe and launches the paper rocket.

stomp!

\ I/
[ \ b

i o

The stomp launcher. A 2-litre bottle - B pipe - C paper rocket slid over the pipe - D duct tape, airtight.

the rocket shoots up

---.»._./

» Class codes (optional): sign in and make a class code at rocket.quiverdesignworks.net/classes. Groups on
tablets hand in their Rocket Builder design with the code and a nickname (no student accounts), and you
see every design in one list for the class discussion.
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LESSON 6 OF 8 - GRADES 3-5

Test it, fix it: fair tests and improvements

Time: about 45 minutes. Worksheet: E6 Test and improve.

STANDARDS
CODE IN PLAIN WORDS
3-5-ETS1-3 Run fair tests to find where a model fails and what to improve.
3-5-ETS1-2 Compare designs by how well they meet the criteria.
Practice: planning and carrying out investigations. Crosscutting concept: cause and effect.

| can...

¢ | can test my rocket fairly, with the same stomp each time.
e | can find what went wrong (the failure point) and fix it.
e | can test again and tell if my change helped.

Words to know

 Fair test a test where only one thing changes.
» Failure point the part of the design that didn't work.
e Improve change the design to make it work better.

Materials

Rockets from Lesson 5, spare paper, index cards and tape
e The stomp launcher, cones for the target zone

Safety glasses for everyone
e Worksheet E6

Steps

. Hook (5 minutes)

READ ALOUD
Real engineers almost never get it right the first time. They test, find what failed, fix it and test again. That
loop is how all rockets get better.
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. Plan a fair test (5 minutes)

stomp!

\ |7/
[ \ b

the rocket shoots up

—=ePp +—7

The stomp launcher. A 2-litre bottle - B pipe - C paper rocket slid over the pipe - D duct tape, airtight.

Agree as a class: the same launcher, the same stomper, the same kind of stomp (a "one-foot jump"), and the rocket
always starts at the bottom of the pipe.

. Test (15 minutes)

C change
one thing
- - T~ ~
7 ~ -
// S A > +
/ \
A8
/7 _ N 3 fins 4 fins
A N \ o
/4 \ \
4 S \
/ > \ \
\ \
wobbly \
\ \
\ \
\ \
\
[ I 7 I I I 1
0 try 1 try 2 v/ 5&m

A fair test: change one thing, launch, measure, then improve and test again.

1. Glasses on. Everyone stands behind the line.
2. Countdown: "3, 2, 1, launch!" The stomper stomps only on "launch!"

3. On EB, tick what happened: straight or wobbly, in the zone or not, still works or broken.
4. Each rocket flies 2 times.

. Improve and retest (15 minutes)

1. Look at your ticks. Circle the failure point on your drawing (fins loose? nose leaked? too heavy?).
2. Change one thing to fix it.
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3. Fly 2 more times. Did it help?

. Wrap up (5 minutes)

Share one fix that worked. Make a class list: "Things that make paper rockets fly better."

Check for understanding

1. Why should the stomp be the same each time?
2. A rocket's nose came open and air leaked out. What is the failure point? How would you fix it?
3. You changed the fins and the nose at the same time, and it flew better. Do you know which change helped?

ANSWER KEY
1. So the only difference is the rocket, and the test is fair.
2. The nose. Fold and tape it shut so it is airtight.

3. No. Change one thing at a time to know.

TEACHER NOTES

» What to expect: common failures are leaky noses, crooked or floppy fins, and fins taped too high up the
body. A rocket that tumbles usually needs bigger fins or fins farther back.

e Grade 3: focus on "what broke and how did you fix it". Grade 5: record the landing distance and compare
before and after.

» Safety: glasses on; only the stomper goes near the launcher; nobody stands in front of or over the pipe;
fetch rockets only on "clear".

» Rocket Builder link (optional): the app does the same thing on screen: change one thing, build, check the
score. Show students that engineers test on a computer model before they build.

* Keep the improved rockets for Lesson 8 (launch day).

e Change one thing, on screen: the launch simulator's change-one-thing experiments fly the same rocket
twice with one setting changed. It's a quick way to show a fair test on the projector.
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LESSON 7 OF 8 - GRADES 3-5

Time: about 45 minutes. Worksheet: E7 Parachute drop. Rocket Builder: on the projector.

STANDARDS
CODE IN PLAIN WORDS
5-PS2-1 Use evidence to show that Earth's gravity pulls things down.
3-PS2-1 Test how balanced and unbalanced pushes change the way something moves.
3-5-ETS1-3 Run fair tests to find what to improve.
Practice: planning and carrying out investigations. Crosscutting concept: cause and effect.

| can...

e | can build a parachute.
| can test small and big parachutes fairly and time how long they take to fall.

e | can explain that a parachute makes drag that pushes up against gravity.

Words to know

o Parachute a canopy that catches air to slow a fall.
e Canopy the cloth or plastic part.
» Recovery bringing a rocket down safely so it can fly again.

Materials

For each group:

» Plastic grocery bags (or trash bags), string or thread, tape, scissors, a ruler

e 2 washers or binder clips per parachute (the same weight for every parachute)
» A stopwatch (or a tablet)

e Worksheet E7

For the class: a safe drop spot about 2 m high (an adult stands on a sturdy step stool, or uses a balcony or stairs).

Steps

. Hook (5 minutes)

Drop a flat sheet of paper and a crumpled one at the same time. Ask: Which one landed first? Why?
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. Learn (5 minutes)

READ ALOUD

Gravity pulls everything down. As something falls, air pushes up on it: that's drag. A parachute catches lots
of air, so it makes lots of drag. Soon the drag up is as big as the pull down. The forces are balanced, so the
parachute stops speeding up and floats down slowly.

Real model rockets pop out a parachute near the top of the flight, so they land gently and can fly again.

On the projector: in Rocket Builder, press P Watch it launch and watch the parachute open and drift down.

. Do: the drop test (25 minutes)

\/slowest

=i

faster fastest

2m

time it

big,40cm small,20 cm none

The drop test: the same height every time. The bigger parachute falls slowest.

. Cut . Tape

—>
20,300r40cm

a square of plastic bag a string to each corner

Making a parachute.
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4 strings to the washers
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hold the middle, let go
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[ An adult does the dropping ]

timer: start on "“drop!”,
stop when it lands

drop height:
about 2 m

step stool

The drop test.

. Cut two squares from a plastic bag: small (20 cm) and big (40 cm).

. Tape a 30 cm string to each corner. Tie the 4 strings together to the washers.

. The adult drops each parachute from the same height. A student times it from "drop!" until it lands.
. Do 2 drops each. Also time the washers with no parachute.

. Streamer (if time): tape a paper or plastic strip (5 cm x 60 cm) to the same washers and drop it too. Is it faster
or slower than the parachutes?

a b W N

6. Record the times on E7. Circle the slowest fall.

. Wrap up (10 minutes)

e Which fell slowest? Why? (The bigger canopy catches more air: more drag.)
e What pulled every one of them down? (Gravity.)
» Why might a huge parachute be a problem for a real rocket? (The wind carries it a long way: into trees or roads.)

Check for understanding

1. Which force pulls a parachute down? Which force pushes up?
2. Big parachute or small parachute: which falls slower?
3. Why did every parachute get the same washers?

ANSWER KEY

1. Gravity pulls down; drag (air) pushes up.

2. The big one.

3. To keep the test fair, so only the canopy size changes.

TEACHER NOTES

o Safety: an adult does any dropping from a height. Students stay off chairs and tables.

e What to expect: no parachute lands in under a second; the small chute takes a little longer; the big chute is
slowest. From 2 m the times are close, so good timing matters. A higher drop gives clearer results.

o Grade 3: compare by watching (which landed last?) instead of timing. Grade 5: add a medium (30 cm)
parachute, or try 1, 2 and 4 washers on one parachute.
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» Rocket Builder: the report's Which parachute? card shows the size the app picks for a real rocket (often
12-18 inches) and how fast it comes down (about 4 m/s, a jogging speed).

o Streamers: very light real rockets use a streamer instead of a parachute. It falls faster than a parachute but
drifts less in the wind.

e Further resources: Apogee Components' free lesson The Optimum Descent Challenge
(apogeerockets.com/downloads/PDFs/58-4.pdf, written for grades 5-8 with kit rockets) has more drop-test
ideas for grade 5.

o Keep the best parachute to fly on launch day, taped into a paper rocket's nose.

o Parachute or streamer, on screen: the launch simulator can fly the class rocket with a parachute or a
streamer. Compare how fast each comes down and how far it drifts.
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LESSON 8 OF 8 - GRADES 3-5

Launch dag how hlgh did it go"

Time: about 45-60 minutes outside. Worksheets: E8 Launch log, the 45° sighting card, and the Rocket Scientist
certificate. Rocket Builder: on a tablet or projector. Optional instructor demo: a 3D-printed rocket.

STANDARDS
CODE IN PLAIN WORDS
3-PS2-2 Use a pattern in how things move to predict what will happen next.
4-PS3-1 Explain that a faster object has more energy.
3-5-ETS1-3 Test a model and decide what to improve.
4.MD.C.6 (math) Measure angles.
SL.3.4/SL.4.4 ] SL.5.4 (ELA) Tell about an experience in order, with facts and details.
Practice: planning and carrying out investigations; constructing explanations. Crosscutting concepts:
patterns; energy and matter.

| can...

e | can follow the launch rules and do my launch-team job.
e | can use a 45° sighting card to tell if a rocket went higher than my distance from the launcher.
e | can explain that a harder stomp makes the rocket go faster, so it has more energy and goes higher.

Words to know

e Energy what makes things move. A faster rocket has more energy.
e Tracker the person who watches the rocket to measure how high it goes.
e Countdown "5, 4, 3, 2, 1, launch!" Everyone knows when it will go.

Materials

o Improved stomp rockets (Lesson 6) and the parachute rocket (Lesson 7)
e The stomp launcher, cones, safety glasses for everyone

e 45° sighting cards (on the worksheets; cut out and fold), a tape measure
o Worksheet E8 on a clipboard, pencils

e A tablet or projector with Rocket Builder

Steps

. Before you go out (10 minutes)

Read the launch rules together (see the safety page). Give out jobs: countdown caller, stomper, two trackers,
recorder, recovery crew. Everyone takes a turn.
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How the 45° card works: fold a square of paper corner to corner to make a triangle. Hold the long edge level and
sight up the slanted edge. That line goes up at 45°. If you stand 10 m from the launcher and the rocket goes above
your 45° line, it went higher than 10 m. Below the line? Lower than 10 m.

above the line:
higher than 10 m

45°line ’

below the line:
7’ lower than 10 m

card: bottom edge level y

Fold a square

A

Re
R
.
.
ke
corner to corner
10 m (measureit) —— launcher
Tracking with a 45° card: stand 10 m from the launcher and look up the folded edge.
. Launch! (25 minutes)
T[]
i “~~~
| %
10m 1
high 1
1
|
|
stomp! I
I .. tracker behind the line
° ] ~
i : ﬁ ® @ @

/
v

10 m
Launch day: when the rocket's top lines up with the 45° card, its height is about the tracker's distance from the launcher.

1. Trackers stand 10 m from the launcher (measure it), off to the side.
2. Predict: before each launch, the recorder writes a guess. Higher or lower than the 45° line?
3. Countdown, stomp. Trackers call "above!" or "below!"

4. Try a soft, a medium and a hard stomp with the same rocket. Record each.
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5. Fly the parachute rocket. Does the parachute open?

. Rocket Builder and the real thing (5 minutes)

On the tablet or projector, open a Rocket Builder design and press P Watch it launch (Simple mode on a projector).
Read the predicted height. Compare: the app's rocket flies on a real motor, which pushes for about a second. A
stomp pushes for a split second. That's why the app's rocket goes much higher.

. Wrap up (10 minutes)

o What pattern did you see between the stomp and the height? (Harder stomp, faster rocket, higher flight.)
o Tell a partner the story of your best flight, in order: before, during, after.
e Hand out the Rocket Scientist certificates.

Check for understanding

1. A rocket goes above the 45° line. The tracker stood 10 m away. Did it go higher or lower than 10 m?

2. A hard stomp sends the rocket higher than a soft stomp. Which rocket was moving faster when it left the
launcher? Which had more energy?

3. Why do we count down out loud?

ANSWER KEY

1. Higher than 10 m.

2. The hard-stomp rocket: it was faster, so it had more energy.

3. So everyone knows exactly when the rocket will launch and is watching and ready.

TEACHER NOTES

o Safety: glasses on. Nobody stands in front of or over the launcher. Stomp only on "launch!" Never chase a
rocket into a road, tree or power line.

» Grade 3: use only "above or below the line". Grade 5: use a protractor inclinometer (from the middle-school
worksheets) and the shortcut: at 30° the height is about half the distance; at 45° it equals the distance; at
60° it's about 1.7 times the distance. Add about 1.3 m for eye height.

e Optional instructor demo, a printed rocket on a real motor: only if an adult experienced with model rockets
runs it, following the NAR Model Rocket Safety Code, on a field big enough for the motor (see the middle-
school safety page), with students behind a spectator line at least 30 feet (10 m) from the pad. Students
never handle motors, igniters or the launch key, and never go to the pad. A simpler option: watch a local
NAR club launch as spectators, or show a video of one. Kits and motor flights are rated 12+.

e Rain or wind? Do launch day in a gym with straw rockets, and use Rocket Builder's simulated launch.

e Further resources: Apogee Components' free Rocketry Reservoir
(apogeerockets.com/downloads/PDFs/Rocketry_Education_Pack.pdf) has rocket colouring pages and
certificates you can print. The NAR (nar.org) lists clubs that welcome school groups at their launches.

» Rocket Builder tools for launch day: the altitude calculator (rocket.quiverdesignworks.net/tools/altitude)
turns an angle and a distance into a height, shows the working, the 45° rule and the average of two trackers
(good for grade 5). Each design also has a one-page mission card (designer v download menu -> Mission
card) with its predicted height, to print for the clipboard. The simulator's Predict, fly, compare log keeps the
class's guesses and results.

Rocket Builder - Rockets & Model Rocketry - Teacher guide, grades 3-5 Page 37


https://rocket.quiverdesignworks.net/tools/altitude

