Forces and Motions
Balloon Car Course
The following learning activities were backwards planned to facilitate the development of students’
knowledge and skills for mastery of this NGSS Performance Expectation. Not all of the dimensions and
CCSS are covered in the following activities and teachers are encouraged to address them where
possible.

MS-PS2-1 Motion and Stability: Forces and Interactions
Students who demonstrate understanding can:
MS-PS2-1. Apply Newton’s Third Law to design a solution to a problem involving the motion of two colliding
objects.* [Clarification Statement: Examples of practical problems could include the impact of
collisions between two cars, between a car and stationary objects, and between a meteor and a
space vehicle.] [Assessment Boundary: Assessment is limited to vertical or horizontal interactions in
one dimension.]

The performance expectation above was developed using the following elements from the NRC document A Framework for K12 Science Education:
PS2.A: Forces and Motion
For any pair of interacting
objects, the force exerted by
the first object on the
second object is equal in
strength to the force that the
second object exerts on the
first, but in the opposite
direction (Newton’s third
law).


Constructing Explanations and
Designing Solutions
Constructing explanations and
designing solutions in 6–8 builds on
K–5 experiences and progresses to
include constructing explanations
and designing solutions supported
by multiple sources of evidence
consistent with scientific ideas,
principles, and theories.
 Apply scientific ideas or
principles to design an object,
tool, process or system.

Connections to other DCIs in this grade-band:
MS.PS3.C
Articulation of DCIs across grade-bands:
3.PS2.A ; HS.PS2.A
Common Core State Standards Connections:
ELA/Literacy -

Systems and System Models
Models can be used to represent systems
and their interactions—such as inputs,
processes and outputs—and energy and
matter flows within systems.



----------------------------------Connections to
Engineering,Technology,
and Applications of Science
Influence of Science, Engineering, and
Technology on Society and the Natural
World
 The uses of technologies and any
limitations on their use are driven by
individual or societal needs, desires, and
values; by the findings of scientific
research; and by differences in such factors
as climate, natural resources, and
economic conditions.

RST.6-8.1

Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of
explanations or descriptions. (MS-PS2-1)

RST.6-8.3

Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical
tasks. (MS-PS2-1)

WHST.68.7

Conduct short research projects to answer a question (including a self-generated question), drawing on several sources
and generating additional related, focused questions that allow for multiple avenues of exploration. (MS-PS2-1)

Mathematics MP.2

Reason abstractly and quantitatively. (MS-PS2-1)

6.NS.C.5

Understand that positive and negative numbers are used together to describe quantities having opposite directions or
values; use positive and negative numbers to represent quantities in real-world contexts, explaining the meaning of 0 in
each situation. (MS-PS2-1)

6.EE.A.2

Write, read, and evaluate expressions in which letters stand for numbers. (MS-PS2-1)

7.EE.B.3

Solve multi-step real-life and mathematical problems posed with positive and negative rational numbers in any form,
using tools strategically. Apply properties of operations to calculate with numbers in any form; convert between forms as
appropriate; and assess the reasonableness of answers using mental computation and estimation strategies. (MS-PS2-1)

7.EE.B.4

Use variables to represent quantities in a real-world or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities. (MS-PS2-1)

Lesson 1: Zipline Activity(basic intro to motion)
Objective: Students will construct a zip-line to recognize and analyze the motion (and cause of
motion) of an object. Students will begin to be able to evaluate the causes of motion and deduce
the important factors in measuring motion (time and distance)
Learning Goal: Motion is achieved when a unbalanced forces are applied.
The amount of mass and force affect motion of an object.
Distances and time are necessary to calculate speed.

Vocabulary: motion, force, gravity, acceleration, balanced forces, unbalanced forces, speed,
distance, time, reference point
Engage:
1. Teacher leads a class discussion and asks students “How many of you have ever been
travelling somewhere and have been stuck in traffic for a long time? What do you think
are some of the causes of the traffic?”
2. Students write down their responses and share with groups.

Possible student answers: too many people traveling, inefficient road ways, car
accidents, broken down cars,
3. Teacher records their ideas on the board.
4. Teacher leads a conversation as to how public transportation can help to alleviate some of
these major issues.
Explore:
Students are given the prompt that they all are working for a large transportation engineering
firm that has been contracted by the city of Los Angeles to create a public transit system to travel
directly from our location and to the beach.
1. After receiving the prompt students are given the expectations of the assignment:
 Working in teams students will design a vehicle that is able to travel across the
length of the room (or from chair to chair) using only the materials given:
scissors, tape, fishing line, balloon straw, and masses.
 The objective is for the vehicle to reach the other end of the room (or chair to
chair) in the fastest time possible using only the materials given to them.
 Students may being to investigate the impact adding mass will have on their
speeds.
2. Students work in teams to design their vehicle and test the various strategies they have
created.
3. Once students have made adequate progress, bring the whole class together to discuss the
norms of building their vehicle. “How do you know that the object moved? What are
some of the ways your teams are using the balloon? Did we notice any issues with how to
place the balloon on the straw? Etc”
 Having students share out the norms of building the vehicle will give an opportunity
for students to learn from one another’s design process, providing insight to what
works and does not work.
4. Students make the final revisions on their balloon vehicles and record time and distance
data for three trials.

Explain:
1. Teacher leads class discussion as to the cause of motion “What caused the vehicle to
move? How can you describe the movement of your vehicle? What caused your vehicle
to move faster or slower?”
2. Teacher explains that all movement requires an energy, or force, to start and end
movement.
a. Teacher note: This lesson may be adjusted to various levels in the unit, it may be
used to introduce motion, graphing, measuring motion, or unbalanced forces.
3. Introduce students to the idea of balanced and unbalanced forces.
4. “As scientists and engineers we need to be able to quantify and communicate how much
force is being applied to objects, how do you think we can communicate how much force
is being applied.”
5. Introduce students to free body diagrams/ force diagrams.
Elaborate:
1. Students draw a free body diagram for their zip-line, both at rest and moving.
2. Students also will graph their data from the three trials. (Optional depending on pacing of
class and order of progression)
Evaluate:
1. Students free body diagrams and speed calculations serve as their evaluations.
2. Students will also have a follow up worksheet to diagram several objects in motion and at
rest.
Additional Resources:
PhET online simulation of unbalanced and balanced forces
http://phet.colorado.edu/en/simulation/forces-and-motion-basics
PhET online simulation of forces and motion in 1 dimension
http://phet.colorado.edu/en/simulation/forces-1d

Lesson 2: Car Design (Add forces and the cause of motion)
Objective: Students will design and construct a self-propelled car to examine how forces are used
to move objects.
Learning Goal: Students will investigate alternative ways to propel cars. What is the source of
motion and the basic engineering cycle.
Vocabulary: Friction, Chassis, Force

Introduce students to automotive engineering: “Automotive engineering is a billion dollar
industry that directly impacts the lives of almost everyone living in Los Angeles. For the next
several weeks we will be following the engineering design cycle to build cars and test them.
Engage:
“The city of Los Angeles has decided that the zip-line design may be too expensive to implement
city wide and has hired our engineering firm to design and build several transit cars in place of
the zip-line. The first step in designing and building a car is designing”
1. Show students pictures of concept cars and buses.
 Examples of concept public transit: (add more realistic concepts, taxi/ bus)

2. Have students ,individually, design a concept bus
 Students may focus on several different types of designs to maximize for speed,
passenger load, or safety
Explore:
1. Introduce the Engineering Cycle

Design

Revise

Build

Test
2. “The concept car is just the beginning of the planning and designing phase of automotive
engineering, in order to truly start planning the design of your car you must know what
materials you are going to be using for your car.”
3. Show students the materials that they will be using to build their “stock car”
 Students will first begin building their cars using all the same materials, the stock car.
They will have an opportunity to “buy” and bring in materials from home to
customize and change their vehicle after it has met the travel criteria.
 Students will be given different size car bodies/chassis in order to compare data in
later investigations.
4. In pairs, students being to design and build their car which must be able to travel 3 meters
on a flat surface.
Explain:
1. Once students have begun to make adequate progress towards building their vehicles,
students will share out the norms of building, “What are you noticing about the balloon
placement on the chassis? How are you connecting the wheels? Etc”
2. Teacher leads a classroom discussion as to how the vehicle is being propelled, and the
source of the force. “How can we communicate this idea to other people, how can we
quantify or illustrate force?”
3. Transitions into free body diagrams.
4. Teacher leads a conversation as to how we can measure the speed or rate.
Elaborate:

1. Using Newton’s Third Law students will create a free body diagram showing the force
being generated by the balloon and how it is propelling the vehicle forward and where
friction may occur.
2. Students will also use this time to make changes to their car following the share out of the
norms of building.
 All of the changes that are being made to the cars should be kept track of in the car
changes log along with an explanation.
Evaluate:
1. Students will be evaluated by the demonstration of Newton’s Third Law with free body
diagrams and completing several other examples provided in a follow up worksheet.
Followed with practice speed calculations.

Lesson 3: Investigation: Speed
Objective: Students will create and edit/revise their cars to calculate the speed of their cars and
compare/contrast the speeds of different cars in order to evaluate best practices for speed.
Students will be able to produce a D vs. T graph from their data.
Learning Goal: Motion energy is kinetic energy. Measuring motion: Speed= distance/time.
Average speed= total D/total T, Graphing speed
Vocabulary:

Engage:
1. Students will brainstorm about some of the important aspects of the car that we should
test, “What are 3 standard performance criteria you would want to know about a car
before investing money in one? Come up with an investigation to measure one of your
standards.”
 Possible student answers: How fast the car will travel, how safe the car is, how
many people can fit inside, how much the car cost,
2. Students will come up with the various criterions that they may want to measure; Teacher
records the ideas on the board.
3. Teacher leads a discussion as to how you can test some of the criterion.
Explore:
1. Students will establish a baseline, or control, for how fast their car is able to travel with at
least 3 trials on a flat surface.
2. Data will be recorded and graphed.
3. Students will share out the information they had learned about their cars’ performances
and how they improved them.
4. Once the information has been shared amongst groups students will have a chance to
modify their cars to try and help increase the average speed.
 During this time students will have an opportunity to use their budget to purchase
extra materials to change wheels, chassis types, axels etc.
 All changes will be kept in the car change log and will also account for budget
changes.
5. Students will finalize their changes and record the final three trials for their car.
Explain:

1. Once students have compiled their data the teacher will explain/review how to graph the
data points correctly.
 Depending on how the unit is taught, graphing motion may be a review for
students.
2. Teacher explains how the slope defines the average speed of the vehicle and how they
can be used to compare data.
3. Teacher also introduces motion energy as kinetic energy.
Elaborate:
1. Using the data students have gathered, students will explain how their changes to the car
have improved or hindered the speed of their vehicles.
2. The students graph their data points.
3. Students share data between groups and graph to see how the different slopes relate to the
different speeds of each other’s cars
Evaluate:
1. Using the graphs and data students will be evaluated on how they cite and support their
claims as to why the changes made to the car worked or did not work.

Lesson 4: Investigation: Varying Mass
Objective: Students will be able to analyze/evaluate the effect of changing the mass of the car on
the car’s speed and acceleration
Learning Goal: Newton’s 2nd Law of Motion: Changing the mass of car affects the speed and
acceleration. The greater the mass of the object the greater the force needed to achieve the same
motion.
Vocabulary: Mass, acceleration, grams

Engage:
1. Working in pairs students review their speed data, design, and graphs.
2. “What are some of the factors that possibly contributed to your car not traveling as fast as
possible, what caused your car to eventually come to a stop?” Students list possible
problems and solutions with their car design.
3. Students share out some of their findings and how they can solve them.
Explore:
1. Students are given the task to transport 3 different masses across a 3 meter track.
2. Students record data for 3 trials for each of the 3 different masses (total 9 trials)
Explain:
1. Teacher explains F=MA and the relationship between force, mass, and acceleration.
2. As we add mass to our cars what affect will it have on acceleration if we keep the force
constant? What if we increase the force?
3. Students hypothesize about the possible outcomes of these questions.
Elaborate:
1. Students graph their results to see if their slopes match the predicted outcome.
2. Students share data to analyze if a trend/pattern is evident across groups when
adding/subtracting masses.
Evaluate:
1. Students summarize how adding more mass impacted the speed of their vehicle citing
data from their graphs, calculating the average speed for each of the mass changes and
identifying if there was a positive or negative correlation.
2. Students will have a follow up handout given asking them to solve F=MA problems.

Lesson 5: Investigation: Varying Force
Objective: Students will be able to analyze/evaluate the effect of changing the amount of force
(exerted on the car) on the car’s speed and acceleration.
Learning Goal: Newton’s 2nd Law of Motion: Changing the force on the car affects the speed
and acceleration. The greater the mass of the object the greater the force needed to achieve the
same motion.
Vocabulary:

Engage:
1. Teacher leads a review of the equation F=MA
2. Students are asked, “ Looking at the equation F=MA, what are the two variables that
impact the acceleration of the car, A?”
3. In pairs students record the ways you can change these two variables, specifically how
they can change them with their vehicles.
4. Students are shown a clip from the Fast and the Furious: (Any clip of a car accelerating
will suffice )
http://www.youtube.com/watch?v=pZZ60jrw6cg
5. How did the actors increase the acceleration in their cars?
6. How can we increase the acceleration of our vehicles?
Explore:
1. Students are given an extra balloon and are given the challenge to increase the average
speed of their vehicles
2. The teacher reminds the students that the correlation of mass and the impact on speed.
3. Students vary forces at least 3 different ways (half-filled balloon, two balloons at once,
one balloon at a time etc.)
Explain:
1. Teacher explains how an increase in force leads to an increase in acceleration when mass
is held constant, or when mass is increase and the force is held constant acceleration
decreases (as shown in the previous investigation).
2. Students are introduced to proportionality (Optional)
Elaborate:
1. Students compare their results to see if the pattern is consistent, as force increases is there
an increase in acceleration.
Evaluate:

1. Students determine if there is a relationship between the addition of forces and an
increase in acceleration, students are evaluated based on their ability to cite their data and
graphs
2. If there is a relationship students identify whether it is directly or inversely proportional.
3. If there is no apparent relationship students are able to identify possible error in data
collection or in the procedure.
Additional Resources:
1. PhET online simulation of forces and motion
http://phet.colorado.edu/en/simulation/forces-and-motion

Lesson 6: Investigation: Downhill
Objective: Students will be able to show how potential energy changes with the height of an
incline and illustrate how the potential energy changes into other forms of energy.
Learning Goal: Objects may also contain potential energy depending on relative positions.
Potential energy increases as height of ramp increases. When two objects interact energy can be
transferred from one object to another.
Vocabulary: Potential energy, incline/decline plane, transfer, kinetic energy, gravity

Engage:
1. Teacher asks whole class if to remember the last time they were on a road trip or
traveling somewhere very far.
2. Students are asked to recall “What were they freeways and roads like? Were they busy?
Were they flat and smooth?”
3. If we are designing a car to transport people a long distance, how can the road conditions
impact the efficiency of travel?”
 Possible student responses: The roughness of the road may add friction, the
incline/decline may impact speed, the amount of traffic.
4. Students list possible road conditions and how they may impact the efficiency of our
vehicles.
5. Teacher records the students suggestions on the white board and how it may impact the
vehicle.
Explore:
1. Students will have 3 ramps that are set to various declines
2. Students will set their vehicles at the top of the ramp and measure the speed for three
trials for each of the three ramps.
3. Students record and graph the data
Explain:
1. Students are asked to share out their data and compare amongst the different inclines.
2. “Were there any patterns that you noticed?”
3. The teacher explains the concept of potential energy changing to kinetic energy.
4. The transition from potential energy to kinetic energy can be diagramed, which will be
shown to the students.



Example of kinetic v. potential energy diagram

Elaborate:
1. Students diagram the potential energy of each ramp at various positions.
 Example of possible potential



Students point out at what points potential energy is the greatest and the least and
explain why.

2. Students also describe how this may potentially impact the fuel economy of their
proposed vehicle, “Can the potential energy be used to reduce the amount of fuel
consumption? How so?”
Evaluate:
1. Students will be evaluated on the graphs they have created for potential energy, as well as
the data and patterns they noticed from the increase of decline in ramps.
2. Students must support their claims by citing data that they have collected.

Lesson 7:Uphill Climb
Objective: Students will be able to analyze all the forces acting on a car traveling up an incline
and will design/construct a car that is able to move up and over an incline
Learning Goal: When two object interact energy can be transferred from one object to another.
Amount of force needed to propel car must be greater than forces acting in opposite direction.
Vocabulary:

Engage:
1. Teacher will first show students pictures of some of the steepest hills in LA which can be
found through Google images.
2. Teachers prompt students, “With these images in mind write down the impact these hills
may have on public transportation?”
3. Students will share some of the ramifications of these hills may be, citing the previous
downhill investigations.
Explore:
1. Following a similar setup to the downhill investigation, students will investigate the
impact 3 different inclines will have on the acceleration of the vehicles.
2. Students record the data for each of the trials for each incline (total 9)
 Teacher Note: Getting all of the cars to be able to travel up an incline may take a
class period to edit/revise vehicles to ensure the cars are generating enough force.
Explain:
1. The teacher begins the explanation with the question “ How did this investigation differ
from the downhill investigation?”
2. The teacher explains that the amount of force needed to propel must be greater than the
forces acting in the opposite direction. So if there is more force in the opposing direction
there must be more force applied in order for the vehicle to go uphill (Unbalanced
Forces).

Students are introduced to the idea of kinetic energy and how it is transformed
into potential energy as the vehicle travels uphill and vice versa as it travels



downhill.
As the amount of potential energy decrease the amount of potential energy
increase proportionally.

Elaborate:
1. Students diagram the change of kinetic energy to potential energy as the car begins to
ascend the hill.
 Possible student diagram:

2. Students consider the implications this has on fuel economy, as the vehicle must exert
more force in order to make it up the hill.
Evaluate:
1. Students are evaluated on the diagrams and follow up questions on the transition of
kinetic to potential energy and vice versa.
2. Students address the question “ how can we use the built up potential energy to add to the
fuel efficiency of the vehicle?” Students must cite data/ diagrams that they have created
to support their answers.

Additional Resources:
PhET Simulation of Kinetic/Potential energy
http://phet.colorado.edu/en/simulation/energy-skate-park
PhET Simulation of forces on an incline
http://phet.colorado.edu/en/simulation/the-ramp
http://phet.colorado.edu/en/simulation/ramp-forces-and-motion

Lesson 8:Car Collisions
Objective: Students will be able plan an investigation to predict how several forces will impact
the motion of an object and design a solution to increase the safety of their vehicle.
Learning Goal: The motion of objects is determined by the sum of forces acting on the object.
Mass and Force affect motion of two interacting objects. When two objects interact each one
exerts a force on the other.
Vocabulary: Net force, vector

Engage:
1. Show students a video clip of the IIHS crash safety tests.
 http://www.youtube.com/watch?v=xtxd27jlZ_g&feature=c4-overviewvl&list=PL983889014322C331

2. Teacher leads a class discussion ask students “what are the engineers testing in these
crash tests? How do you think we can predict the direction of the collisions? How does
mass impact car collisions?”
3. Students brainstorm ideas and share in groups
Explore:
1. Students are shown the PhET simulation for collisions and are asked to change the
masses colliding.
2. Students record any patterns that they notice as they increase the mass or the forces that
are applied to each object.
3. Students share out the patterns that they notice in small groups.
4. Students are asked to diagram several car collisions with two and three objects colliding.
 Students diagrams should be in the form of a free body diagram looking from the
“top view” of the masses so that forces are only being considered in one plane.
5. Once students have designed there collisions they are asked to predict the direction of the
masses after the collision has occurred.
6. To illustrate their predictions students will use free body diagrams to show the forces that
are acting on the masses.
Explain:
1. Teacher explains how vectors/ forces can be added using vector addition using the nose
to tail method.
 This method is used to show how forces can be added together and illustrates the
magnitude.

2. Using students’ experiences from the simulation, students are asked to plan how they
could plan an investigation to test how their car will perform during three collisions of
increasing masses, 50g, 100g, and 150g.
 Students are shown a stock car which mass can be added as well as a ramp to
launch the stock car at a consistent speed. This will keep the speed constant, and
therefore the force constant ( will only vary as the mass varies).
Elaborate:
1. Students plan an investigation to show how cars will perform when collided with various
mass cars.
 Students investigation should include some way of measuring the cars
performance, example: how far car travels after collision, or speed of car after
collision
2. Once students design their investigation they will predict how their cars will perform and
will give a safety rating.
 Good, Acceptable, Marginal ,and Poor
Evaluate:
1. Students will be evaluated as to how they plan their investigation, rate their cars, and
support their ratings.
2. Students are also evaluated by how well they can predict several collisions using free
body diagrams in the follow up assignment.
Additional Resources:
PhET online simulation of collisions with masses
http://phet.colorado.edu/en/simulation/collision-lab

Lesson 9:Car Course
Objective: Students will design/construct a car that is able to complete the designed track(or
course)that includes one large hill and a subsequent smaller hill to evaluate the effectiveness of
their car (including speed, forces acting on car, etc.)
Learning Goal: Relationship between force, energy, and motion.
Vocabulary:

Engage:
1. “The final task in proving that your vehicle is worthy of mass transit requires you to
proves that it is capable of traveling in realistic conditions. That means it must be able to
travel over two hills, and will require you to use all of the skills you have been working
on.”
Explore:
1. Teacher will remind students that this is the final test for their car design, the car must be
able to travel up two hills utilizing the transfer of kinetic energy into potential energy.
2. Students will run several trails on the test track, trying to make improvements to get the
best track time.
Explain:
1. The teacher leads the students to share out any norms they’ve discovered as they test their
cars on the track.
2. Teacher explains the relationship between force, energy, and motion.
Elaborate:
1. Students diagram the track diagraming the energy of the cars are lost and gained.
2. Students make final changes to their vehicles and record the data for 3 trials and graphing
their results.
3. Students share out their data and compare/discuss their results.
Evaluate:
1. As the culminating task, students will be asked to present their cars to the “transportation
board of Los Angeles” in which they students explain why their design should be chosen
for use as public transit.
2. Students should support/cite all claims with data that they have gathered from all prior
investigations.
 Summary of cars overall performance
 Explanation as to why their car performed the way it did







Explanation is supported by their data
What materials were used to build their car
Possible problems/ challenges and solutions
Considerations and implications for the future
Reflection on the design process

