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CONTENT AREA

Physical science

GRADE LEVEL

6–8

BIG IDEA/UNIT

Newton’s three laws of 
motion

ESSENTIAL PRE-EXISTING  
KNOWLEDGE

None required

TIME REQUIRED

3-4 hours

COST

Minimal (<$20)

SAFETY

Students should wear 
safety impact glasses at all 
stations

The following is a project-based unit developed to provide students with 
hands-on experiences that reinforce their understanding of Newton’s three 
laws of motion. It was developed by a group of preservice students who 

were asked by a middle school teacher to design a project-based instructional 
(PBI) unit that connected Newton’s laws to work, acceleration, and force calcula-
tions. The preservice students assisted during the piloting of the PBI unit at the 
middle school, but it can also be managed by a single classroom teacher.

During the unit, students rotate through three stations, each of which 
explores one of Newton’s laws of motion. There are guided notes 

(Figure 1) for students at each station to help them connect New-
ton’s laws to the phenomena they are observing. The unit cul-

minates with students designing, constructing, and racing 
balloon-powered cars. Students share what they have 

learned about Newton’s laws of motion on a poster 
that they present to the class. 

Before students begin this unit, they com-
plete a Work, Speed, Force, and Power worksheet  

(Figure 2). This worksheet helps students review cal-
culations that they will need to make during the unit 

and present on their project posters. Students 
should work in groups of four. Group roles are 
discussed later in the article. Groups begin the 

unit by rotating through the following stations.

Station 1
At Station 1, students explore Newton’s first law of motion—an object at rest tends 
to stay at rest, and an object in motion tends to stay in motion, with the same direc-
tion and speed, unless acted upon by an external force. Students explore this law by 
releasing a toy car at the top of a small ramp and observing how far it travels, first 
across a desktop and then across a carpeted surface. Students conduct multiple tri-
als with the car for each surface. In their guided notes, students record their predic-
tions about the direction the car will travel as well as its speed. Students will predict 
if the car will go forward, backward, right, or left and if the car will move fast or 
slow. The actual speed and direction of travel are also recorded. Students list the 
possible forces acting on the car that affected the distance it traveled.

Materials

• Toy car

• Ramp

• Strip of carpet

• Smooth surface such as a desktop 
or linoleum floor
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| FIGURE 1: Guided notes for stations

Station 1: Racecars
1. Define Newton’s first law of motion.

2. Release a car at the top of a small ramp. At the bottom of the ramp, the car will travel across a smooth surface 
for trial 1 and a carpeted surface for trial 2. Record your descriptive hypothesis on the direction and speed of the 
cars for each trial. Do you think the cars will travel in the same speed and direction? Explain. 

Trial 1 Prediction Observation Direction Speed

Trial 2 Prediction Observation Direction Speed

3. Did your observations support your predictions?

4. In your own words, how would you describe Newton’s first law? 

Station 2: Ball drop
You will drop several balls simultaneously from the same height into a pan of flour. You will record the time it took for 
the balls to fall and observe the size of the impact crater created by each ball.

1. Define Newton’s second law of motion.

Trial 1 Trial 2 Trial 3 Additional notes

Ball 1

Ball 2

Ball 3

2. What did you observe when you dropped different objects into the flour? 

3. Are the forces caused by air important in the investigation? Why?

4. Are mass and weight equivalent?

5. What is mass?

6. What is weight?

7. In your own words, what does Newton’s second law say?

Station 3: Popping canisters
1. Define Newton’s third law of motion.

2. Which direction did the first canister move in relation to the second?

3. Which direction did the second canister move in relation to the first?

4. How does this illustrate Newton’s third law of motion? 

5. In your own words, what does Newton’s third law say? 
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| FIGURE 2: Work, speed, force, and power  
calculation practice problems

Make sure to show your work and answer the problems 
to the best of your ability. Make sure to put units at the 
end of your answer for each problem.

Formulas Units

Speed = distance/time Speed = m/s

Force = mass × acceleration Force = Newton or N

Work = force × distance Work = Joules or J

Power = work/time Power = Watt or W

1. An object with a mass of 5 kg accelerates 8 m/s² 
when an unknown force is applied to it. What is the 
amount of the force?

2. If a group of workers can apply a force of 1,000 N 
to move a crate 20 m, what amount of work will 
they have accomplished?

3. A person weighing 600 N gets on an elevator. The 
elevator lifts the person 6 m in 10 seconds. How 
much power was used?

4. A football field is about 100 m long. If it takes a 
person 20 seconds to run its length, how fast (what 
speed) were they running?

5. Your bicycle has a mass of 9.1 kg. You accelerate 
at a rate of 1.79 m/s². While traveling to a friend’s 
house, you cover approximately 1,070 m in 30 
minutes. Calculate the net force and speed that is 
accelerating the bicycle.

6. Calculate the acceleration of a jet car racing on the 
Bonneville Salt Flats if the force on it (the “thrust”) 
is 500,000 N and the mass is 2,100 kg.

7. A crate is being lifted into a truck. If it is moved 
with a 2,470 N and 3,650 J of work is done, then 
how far is the crate being lifted?

8. An elephant pushes with 2,000 N on a load of trees. 
It then pushes these trees for 150 m. The elephant 
moves at about 30 mph. How much work did the 
elephant do? 

9. I am a roller skater with a mass of 72 kg. If I am 
accelerating at 3.7 m/s², what will be the amount 
of force required for this acceleration?

Station 2
At Station 2, students explore Newton’s second law 
of motion—acceleration is produced when a force 
acts on a mass. To explore this law, students drop 
various objects from a set height and time how long 
it takes them to reach the surface of a pan of flour. 
Students then observe the size of the impact craters 
created by the objects and draw a conclusion about 
the amount of force generated by the impact of the 
objects. Students do not take exact measurements 
of the crater sizes; they only estimate the size differ-
ences based on their visual observations. Marbles of 
different sizes work well for this activity, but you can 
also use other spheres such as a golf ball, table tennis 
ball, or a ball of rolled-up paper. We balance three 
spheres along the groove of a ruler and then tip the 
ruler sideways to release all three objects simultane-
ously. This helps demonstrate to students that all the 
balls accelerate at the same speed during the fall, and 
that the mass of the object is the only variable that 
affects the size of the impact crater.

Materials

• Spheres of different sizes and masses (marbles, 
table tennis ball, golf ball, etc.)

• Ruler with central groove

• Large pan

• Flour (enough to fill pan to a depth of 10 cm)

• Stopwatch 

N o v e m b e r / D e c e m b e r  2 0 18 39

EXPLORING NEWTON’S LAWS OF MOTION WITH A BALLOON CAR



Station 3
At Station 3, students explore Newton’s third law of 
motion—for every action there is an equal and op-
posite reaction. This is a demonstration station, and 
student observers must wear safety impact glasses 
at all times. Students watch as the teacher fills two 
small film canisters with an equal amount of water. 
One canister is capped and placed on its side in a 
large plastic bin. A small amount of Alka-Seltzer 
is added to the second canister, which is quickly 
capped and placed adjacent to the first canister with 
their caps touching. As the Alka-Seltzer reacts with 
the water to produce gas, pressure will build inside 
the canister until enough force is created to pop the 
cap off. When this occurs, students will observe that 
both canisters move in opposite directions away 
from one another. Students record their observations 
in their guided notes and try to explain what caused 
the canister to move.

Materials

• Two film canisters with lids

• Impact safety glasses

• Water

• Alka-Seltzer tablet

• Large plastic tub

Applying what they have learned
As a culminating activity, students will apply what 
they have learned about Newton’s three laws to the 
construction of a balloon car. Divide students into 
teams, and provide each with a box of identical con-
struction materials (see Materials at right and photo 
on page 42). Students are given the task of construct-
ing a car from the materials that:

• is constructed from a student-created blueprint, 

• has at least three wheels, and

• can travel at least 1 m under its own power.

Students must also create a poster to share with 

the class that shows all of the calculations they made 
during the design process. The poster should ad-
dress the following two questions:

1.  Explain how you applied Newton’s three laws 
of motion to the design and construction of 
your balloon car.

2.  Calculate the speed, force, work, and power of 
your car as it traveled from rest to 1 m. 

Materials

• 4 foam balls (size of golf balls)

• 3 plastic straws

• 1 empty plastic 1–2 L bottle

• 4 wooden skewers

• 2 round balloons 

• 2 pieces of cardboard, one 9” × 11”, one 9” × 14”

• Masking tape
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| FIGURE 3: Balloon car rubric

Points 1 2 3 4

Effort The student did not 
finish work. 

The project was 
finished but was 
missing final 
touches and was 
sloppy.

The project is 
complete and 
has met the 
requirements, but it 
is thrown together 
and is not visually 
appealing. 

The student 
completed the 
project and 
requirements, 
final touches were 
made, and the 
project looks very 
presentable and 
organized.  

Skill The student showed 
poor craftsmanship.

The student 
showed average 
craftsmanship.

The student showed 
above average 
craftsmanship and 
understanding. 

The student 
showed excellent 
craftsmanship and 
understanding. 

Elements of design The project was 
missing major 
components and 
did not fulfill the 
requirements. 

The project is 
completed, but 
is missing one or 
two requirements/
components. 

The project is 
completed, but 
is missing one 
requirement/
component or has a 
few minor mistakes. 

The project 
adequately fulfills 
the requirements 
and has no 
mistakes. It is 
visible that the 
student took his or 
her time.  

Newton’s law Newton’s law was 
not explained and 
there were no 
details to represent 
the connection. 

Newton’s law was 
explained, but there 
was no connection 
shown between the 
law and the project. 
No details are 
shown. 

The student 
explained Newton’s 
law, and had some 
explanation on how 
it was related to 
the project. Minor 
details are shown. 

The student 
explained Newton’s 
law and its heavy 
connection to the 
project in a lot of 
detail.

• Transparent tape

• Safety scissors (review safe handling with 
students)

Groups do not need to use all of the materials to 
construct their cars, but they also are not allowed to 
use any additional materials. Groups are also pro-
hibited from sharing or exchanging materials with 
other groups. If a part is damaged (e.g., a balloon de-

velops a hole), the group can request a replacement.
During the construction process, each team 

member should be assigned a role to ensure that 
everyone contributes to the project. We suggest the 
following roles:

• Team leader—keeps team on task, helps with 
car construction, responsible for production of 
team poster
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• Materials leader—makes sure 
group has all necessary materials, 
verifies that car can be constructed 
with materials provided

• Calculation expert—oversees data 
collection, checks accuracy of all 
calculations

• Blueprint captain—oversees 
blueprint creation, verifies that 
constructed car matches blueprint

Students are given 15 minutes to 
come up with a blueprint for their car. 
Each group member can create his or 
her own sketch and offer construction 
suggestions, but a final, master blue-
print must be agreed upon before con-
struction can begin. Students have 30 
minutes to construct their cars. The de-
sign requirements are posted through-
out the room and projected on the class 
smartboard during the construction 
phase. 

Once construction is complete (see 
images of sample student creations on 
next page), students can start collecting 
data about their cars and making cal-
culations based on their performance. 
Students measured the mass, length, and height of 
their cars and included this information on their 
posters. Additionally, students determined how long 
it took for the car to travel 1 m, and then used that 
information to determine how much 
force was being applied to the car. Cir-
culate throughout the classroom dur-
ing the construction of the cars and 
the creation of the posters to answer 
questions, help with calculations, and 
offer troubleshooting tips. If students 
are busy constructing or testing their 
vehicles, you can leave a sticky note 
on their poster with specific feedback. 
One common shortcoming is a lack of 
specific connections between New-
ton’s laws and the design elements of 

the car. For example, students should point out that 
they tried to reduce the weight of their car so that the 
force of the balloon acting on the car would result in 
greater acceleration.

After the construction and testing 
is complete, it is time to move out 
into the hallway for race day. We use 
masking tape to create a three-lane, 2 
m track down the middle of the hall-
way.  While initial calculations were 
done over a 1 m distance, we did race 
the cars for 2 m to provide a longer 
run time and more enjoyable specta-
tor experience. Each group assigns 
one member to be responsible for 
releasing the car at the starting line. 
The remaining group members line 

Project materials

Students should 
point out that they 
tried to reduce the 

weight of their car so 
that the force of the 
balloon acting on the 

car would result in  
greater acceleration.
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the hallway to cheer on their 
creations. We conduct multiple 
heats to give each car a chance 
to race against the other com-
petitors. Timers are assigned to 
each car being raced, and the 
results are added to the student 
poster. This data is then used to 
calculate each car’s acceleration.

Evaluation
Once the posters have been up-
dated with the race results, we 
hold a classroom discussion 
about what design elements stu-
dents believe affected the perfor-
mance of the cars. It is reward-
ing to hear students incorporate 
Newton’s three laws into the 
discussion, which demonstrate 
their comprehension of the con-
cepts involved. Finally, groups 
present their posters to the class. 
The posters are assessed by the 
teacher using the rubric shown 
in Figure 3.

Conclusion
This PBI unit provides an en-
gaging, hands-on way to teach 
Newton’s three laws of motion. 
Designing and building a bal-
loon car allows students to ap-
ply and demonstrate what they 
have learned and have fun in the 
process. •

Sample of a completed student balloon car

Sample of a completed student balloon car powered by two balloons

N o v e m b e r / D e c e m b e r  2 0 18 43

EXPLORING NEWTON’S LAWS OF MOTION WITH A BALLOON CAR



Connecting to the Next Generation Science Standards (NGSS Lead States 2013)

• The chart below makes one set of connections between the instruction outlined in this article and the NGSS. Other valid 
connections are likely; however, space restrictions prevent us from listing all possibilities.

• The materials, lessons, and activities outlined in the article are just one step toward reaching the performance expectations 
listed below.

Standard

MS-PS2 Motion and Stability: Forces and Interactions
www.nextgenscience.org/dci-arrangement/ms-ps2-motion-and-stability-forces-and-interactions

Performance Expectation

MS-PS2-2. Plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces on 
the object and the mass of the object.

DIMENSIONS CLASSROOM CONNECTIONS

Science and Engineering Practice

Planning and Carrying Out Investigations Students construct working balloon cars to demonstrate 
Newton’s laws.

Students create a poster that explains how their balloon car 
demonstrates Newton’s laws.

Disciplinary Core Idea

PS2.A: Forces and Motion 

The motion of an object is determined by the sum of the 
forces acting on it; if the total force on the object is not zero, 
its motion will change. The greater the mass of the object, 
the greater the force needed to achieve the same change in 
motion. For any given object, a larger force causes a larger 
change in motion.

Students use their knowledge of Newton’s laws to create a 
functioning balloon car. 

Crosscutting Concept

Systems and System Models Students use results from the testing of their balloon car to 
calculate speed, force, mass, work, and power.
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