NEWTON 2ND LAW OF MOTION Ratiltlsc Ul (o

STEM INVESTIGATION STEM lab where
students learn

Newton’s 2"

Law through a
hands-on
activity.

Balloon Rocket STEM Investigation: Newton’s 2" Law STEM Investigation

Driving Question: How does adding mass to a balloon rocket affect its acceleration?
Purpose

Use a hands-on balloon-rocket system to explore Newton’s 2nd Law of Motion (F = ma). Students will design a
controlled experiment changing one variable (mass carried by the balloon rocket) while measuring changes in mation.

Learning Objectives

+ Plan and carry out a controlled investigation with clear variables
Measure time, distance, speed/acceleration, and compare trends
Analyze how mass affects acceleration when force is held constant
Construct evidence-based claims referencing Newton’s 2nd Law
Communicate results using graphs, CER, and scientific vocabulary

Variables
Type Description
Independent Variable | Mass added to the balloon rocket (grams)
Dependent Variable | Time to travel the full distance (s) or acceleration
Controlled Variables | Balloon size, string length, angle, launch method, straw size, distance traveled

Materials
« Balloons (long “airship” style recommended)
Smooth string (2—-4 meters)
2 straws (one for the rocket, one as backup)
Tape and Stopwatch
Meterstick or measuring tape
Small masses (paper clips, mini washers) and mass scale
Masking tape (for start/finish lines)
Data sheets

Background Science for the Teacher: Newton's 2nd Law = F=ma
When the force is the same, adding mass decreases acceleration.
The balloon provides similar thrust force each time, but heavier rockets accelerate more slowly.

Important Controlled Variables
+  Amount of air in balloon (inflate to same length) g
« Distance of the test track Teach With
+ Same string, angle, and straw design
» Same launch method and starting alignment Fergy

Expected Results Pattern
s The balloon rocket travels fastest with low mass attached
« More mass -» longer time, slower acceleration
» If too much mass is added, the balloon may not move at all
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HOW THIS LAB

> Print-and-go setup
> Clear Testing Procedure
>> Teaches Scientific Method

> Low-cost & common

materials

WILL HELP YOU

Balloon Rocket STEM Investigation: Newton’s 2" Law STEM Investigation

Driving Question: How does adding mass to a balloon rocket affect its acceleration?

Purpose
Use a hands-on balloon-rocket system to explore Newton’s 2nd Law of Motion (F = ma). Students will design a
controlled experiment changing one variable (mass carried by the balloon rocket) while measuring changes in mation

Learning Objectives
Plan and carry out a controlled investigation with clear variables

Measure time, distance, speed/acceleration, and compare trends
Analyze how mass affects acceleration when force is held constant
Construct evidence-based claims referencing Newton's 2nd Law
Communicate results using graphs, CER, and scientific vocabulary

Variables
Description

Type
| Independent Variable | Mass added to the balloon rocket (grams)

| Dependent Variable Time to travel the full distance (s) or acceleration
| Controlled Variables | Balloon size, string length, angle, launch method, straw size, disf

Materials
« Balloons (long “airship” style recommended)

* Smooth string (2-4 meters)
2 straws (one for the rocket, one as backup)

Tape and Stopwatch
Meterstick or measuring tape
Small masses (paper clips, mini washers) and mass scale

Masking tape (for start/finish lines)
Data sheets

Background Science for the Teacher: Newton's 2nd Law = F=ma
When the force is the same, adding mass decreases acceleration.
The balloon provides similar thrust force each time, but heavier rockets accelerate mc

Important Controlled Variables
* Amount of air in balloon (inflate to same length)
« Distance of the test track

Same string, angle, and straw design

Same launch method and starting alignment

Expected Results Pattern
The balloon rocket travels fastest with low mass attached

More mass = longer time, slower acceleration
If too much mass is added, the balloon may not move at all

-
.
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Answer Key — Sample Answers (Teacher reference — actual data may vary)

1. Fastest Mass - 0 g had the lowest average time (fastest acceleration).

2. Trend - As mass increased, acceleration decreased because the same force had
3. Key Controls - Same balloon size, same string, same launch method, same dist:
4. Newton's 2nd Law Explanation - More mass means more inertia. With the bal'
force each trial, adding mass reduces acceleration (F = ma). Lower mass = more

5. Improvements - Use a smoother string, consistent balloon inflation, or electrc
6. Follow-Up Test Ideas - Changing balloon size, testing angled strings, or compz
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Teacher Guide: setup, safety,
acing, and background science.
Student Packet: clear, step-by-

step setup and timing
Instructions with blank dat

tables.

Graphing pages templates and
marking rubric.

omplete answer key wi
example data tables.

What

Driving Question: How does adding mass to a balloon rocket affect its acceleration?

Purpose
Use a hands-on balloon-rocket system to explore Newton's 2nd Law of Motion (F = ma). Students v

controlled experiment changing one variable (mass carried by the balloon rocket) while measuring

Learning Objectives

Plan and carry out a controlled investigation with clear variables
Measure time, distance, speed/acceleration, and compare trends
Analyze how mass affects acceleration when force is held constant
Construct evidence-based claims referencing Newton's 2nd Law
Communicate results using graphs, CER, and scientific vocabulary

Variables
Description

inside

Balloon Rocket STEM Investigation: Newton’s 2" Law STEM Investigation

you get

Type
Independent Variable | Mass added to the balloon rocket (grams)

Dependent Variable | Time to travel the full distance (s) or acceleration

Balloon size, string length, angle, launch method, straw size, distan

| Controlled Variables

Materials
« Balloons (long “airship” style recommended)

+  Smooth string (2—4 meters)
« 2 straws (one for the rocket, one as backup)

+ Tape and Stopwatch

» Meterstick or measuring tape

Small masses (paper clips, mini washers) and mass scale
« Masking tape (for start/finish lines)

« Datasheets

Background Science for the Teacher: Newton's 2nd Law = F = ma
When the force is the same, adding mass decreases acceleration.
The balloon provides similar thrust force each time, but heavier rockets accelerate mor

Important Controlled Variables

Amount of air in balloon (inflate to same length)
Distance of the test track

* Same string, angle, and straw design

« Same launch method and starting alignment

Expected Results Pattern
The balloon rocket travels fastest with low mass attached

More mass —» longer time, slower acceleration
If too much mass is added, the balloon may not move at all

-
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Answer Key — Sample Answers (Teacher reference — actual data may vary)
1. Fastest Mass - 0 g had the lowest average time (fastest acceleration).
2. Trend - As mass increased, acceleration decreased because the same force hac
3. Key Controls - Same balloon size, same string, same launch method, same dist
4. Newton's 2nd Law Explanation - More mass means more inertia. With the ba
force each trial, adding mass reduces acceleration (F = ma). Lower mass —» mort
5. Improvements - Use a smoother string, consistent balloon inflation, or electr
6. Follow-Up Test Ideas - Changing balloon size, testing angled strings, or comg
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Your Lab

Balloon Rocket STEM Investigation: Newton’s 2" Law STEM Investigation | | I | Data Collection Table
‘ , Raw Trial Data ) )
DNV uastiont How o0s BIGIRE Mets 18 DIN0oR o chet Sifect s cceleralion? A S t e p S a. re C e a r y Mass Added (g) | Trial 1 Time (s) | Trial 2 Time (s) | Trial 3 Time (s) | Average Time (s)
Og

Purpose
Use a hands-on balloon-rocket system to explore Newton's 2nd Law of Motien (F = ma). Students will design a 38
controlled experiment changing one variable [mass carried by the balloon rocket) while measuring changes | 10g

outlined and easy to T

Learning Objectives
+« Plan and carry out a controlled investigation with clear variables

+  Measure time, distance, speed/acceleration, and compare trends Graphing
+ Analyze how mass affects acceleration when force is held constant Crantw 8 aranh tiled:
+ Construct evidence-based claims referencing Mewton's 2nd Law W A E_ P ITi i Ma d
+ Communicate results using graphs, CER, and scientific vocabulary “"l;ql':l‘:-'m:;':l:;- 53 Adde
. .
Variables + Y-axis: Average Time (s)

Type Description
Independent Variable = Mass added to the balloon rocket [grams)
Dependent Variable | Time to travel the full distance (5) or acceleration
Controlled Variables ‘ Balloon sire, string length, angle, launch method, straw size, distance traveled

Materials
+ Balloons (long “airship” style recommended)
Smooth string [2=4 meters)
2 straws (one for the rocket, one as backup)
Tape and Stopwatch
Meterstick or measuring tape
Small masses (paper clips, minl washers) and mass scale
Masking tape (for start/finish lines)
Data sheets

Background Science for the Teacher: Newton's Znd Law =2 F = ma
‘When the force is the same, adding mass decreases acceleration.
The balloon prowvides similar thrust force each time, but heavier rockets accelerate more slowlhy.

Important Controlled Variables
+  Amount of air in balloon (inflate to same length)
« Distance of the test track
+ Same string. angle, and straw design
+ Same launch method and starting alignment

Expected Results Pattern
+« The balloon rocket travels fastest with low mass attached

+ More mass = longer time, slower acceleration
+ If too much mass is added, the balloon may not move at all

Answer Key — Sample Answers [Teacher reference — actual date may vary)

1. Fastest Mass - 0 g had the lowest average time (Fastest acceleration).

2. Trend - As mass increased, acceleration decreased because the same force had to move more mass.
3. Key Controls - Same balloon size, same string, same launch method, same distance.

4, Newton's 2nd Law Explanation - More mass means more inertia. With the balloon providing roughly the same thrust

force each trial, adding mass reduces acceleration [F = ma). Lower mass — more acceleration.
5. Improvements - Use a smoother string, consistent balloon inflation, or electronic timers,
6. Follow-Up Test Ideas - Changing balloon size, testing angled strings, or comparing thrust force directly

Students collect data
In organized charts

Graphing

Stu.dents analyze —_—
their data and draw
conclusions

Analysis Questions
1. Which mass resulted in the fastest acceleration? Provide the numerical data.
2. How did the balloon rocket’s speed change as mass increased?

What controlled variables were most important for a fair test?

Explain how Newton's 2nd Law (F = ma) describes your results.

What improvement would you make if testing again?

Write a follow-up guestion you could test next (string angle, balloon size, etc.).

BhpEw




At School or at Home
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Word and PDF
versions of the lab

i
§ 1 ' |

1 1

| ; i | I

Fully digital and editable - can be
done In class or through distance
education/homeschool



Ways to Use this Resource

Introduce the Scientific
Method

graphing
Reinforce key ideas

Teach data analysis and

Formative or Summative
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Download my Angle of
Attack STEM Lab FREE

Paper Airplane Angle

of Attack STEM Lab

Scientific Method * Variables » Data & Graphing

' Classroom-Ready

CLICK HERE

'/ Data tables + bar graph templates included

Teacher guide with setup,

Teach With
Fergy

(Y

Angle of
Attack

EELEEEERETERERY) 3

Paper Airplane: Angle of Attack STEM Investigation: Scientific Method Activity

safety, background science,
pacing
@ Step-hy-step procedure for —

Use a high-engagement paper-airplans challenge 1o teach experimental dedsgn, vanables and control,
propomonal reasoning, dats analysis, and communication of results

Learning Dbjecthees
& Man mnd carry out & conirolleid imvestigstion with clear independent, dependant, and controllsd varishles

|
#  Collect sulMicicnl data {replicates) and compare results across angle condiions.
#» Cmaph distance data o anabhyvee tronds and comstruct ovidence-Sased claims
* plain the physical prisciples (Hi, drag. sill) thai siffeer Aight distnce

only xirplases; no paper clips or sharp nose cones.
clear launch lane; siend behind the: o ling; throw parallel to the Soor.
iag arca clear, reneve plancs oaly alter all theows 1 3 round ars complese,

11 im) dentical for &1l planes

onal, oie sndand design for 2l e

Analysis questions with model M=~

Background Scignes far the Teacher
Lifk vs Anghe of Atlack {AoA): Lifk penerally increases with AoA ep o a poink Bevond a critical Ao, airflow
scparates (Esalll, cousing hill to drop and deag 1o nes, shonenmg distance.

[hwag and Emergy: Higher Ao increases fromial area and induced drag; teo much drag shows the plane quickly
Modermie AoA halances sdequaie lift with manageable drag for 8 longer glide.

|
Consmency: A gingle plane design, constant throw lemoeheght, and a chear angle-setmng method are key Lo [air
ST S0

Empecbed Results Pattern

& Distances typacally peak af 3 moderstc Ao (arousd 10°-]15" for a simiple Jdan desagn)

= Wory low Aok (0°-5") may dive or fail to goacrate a strong, glhide; very high AoA (207 +) oo stalls o
climbs then Falls rapaidly.

®  As throw scchnigue bocomes consision, varmalbon docreases and the distance curve vs angle bocomes
clearer

Implementation Notes

#  Use one standard airplanc dessgn per class for consistioncy (provide a template or model).

& Assign roles: Thrower, Angle Seter’Checker, Messurer, Recorder, Rolale moles between angles

& DMark b thiow lise and mcissic anghe al folcase uslng a prolracion of an anght cand Laped 1o b Forcaim af
lausc her paicle

Arvwer Kiy and Sampls Results
Mote: Actual class desa willl vary, The sample below models ryplcal wrends and acceprable anslysbs gualiny

Samiple Supnimary Data

.I".IIH'I.' ™1 | AVETIgE Iisranee {im)
1] 18
5 (]
{11} 129
15 121
20 9
Interpretation

* (ireatest average distance ot 107 {=12.9 m) with s close second ai 15* {=12,1 m)

= Wery low angle (0F) undemperformed (divesSow lifl). Very high engle (20 lost distance (neas-siall and
Bigher desgh

& The iremd supporis o modemtz-angle optimem due to halance of 1ift el drag,

Model Responses o Arnabysis Ceestions

=  Best angle: 10° with an average of <129 m (our class graph shows a peak around 10-15%)

*  Comistency: Resalis were reasonably consistent afler the practice ound; esing ibe same thrower md angle
card reduced variation

=  Conirols that maticred most: Plase design and paper type, release height s throw force, indoonno-dnf
woorm, and mecasuring bo firsd confacl.

&  Pollow-up: Tesi mose mnsss with paper clips ai the besi angle. Hypoibesis: Adding o small mese mass {12
clipa) will iscreass distance by improving stabality without greatly increasing drag.



https://www.teacherspayteachers.com/Product/Paper-Airplane-Angle-of-Attack-STEM-Lab-Scientific-Method-Investigation-14521875

STEM INVESTIGATION BUNDLE

Build a high-engagement, low-prep STEM program.
e This Bundle includes my best STEM investigations—each STEM Investlgatlon
one built around true engineering design, fair testing, Growin g Bundle
repeated trials, data tables, graphing, and CER writing.  Eemrmmrrrm e e e v e
« STEM develops crucial skills like critical thinking and jﬁ‘szj{:;'z;“:;jicmpicsInclu o
creativity and prepares students for a changing world and
future opportunities.

oo

Tell me and | forget. Teach me and | | =0
remember. Involve me and | learn. - Cllck to
Benjamin Franklin

learn more!



https://www.teacherspayteachers.com/Product/STEM-Investigations-Growing-Bundle-Scientific-Method-Design-Data-CER-14577842

As a special bonus, 1 want to send you a few
resources that you can use in your classroom

tomorrow. Completely free and geared towards IwF
what you teach!

Just %&md then choose what you teach!
\

for your interest
in this resource! @ devon@teachwithfergy.com

Teach With § -
Fergy



https://teachsciencewithfergy.com/thank-you-resources/

