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Instructor’s Guide
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What is a mousetrap car?

A mousetrap car creates the opportunity to discuss a wide range of physical science topics such as velocity, friction, energy, power, simple machines, Newton's laws, inertia and rotational dynamics.  A mousetrap car is a car that uses the energy of a mousetrap spring to propel itself down a track. The following information will guide you into designing, building and racing your very own car!

Background Information 

The basic design consists of one end of a string, thread, or rubber band attached to the metal U-shaped lever on a mousetrap and the other end wound around an axle.  When the trap is sprung, the string is pulled, the axle turns, and the car is propelled forward. Allow students to be creative with their designs. Students may choose to have front-wheel drive or rear-wheel drive, it is even possible to have four-wheel drive. You will be amazed at what students will come up with.

The initial design of the car offers opportunity for development of planning and research skills, critical thinking and creativity. Students have the option of building a car for speed or distance. Whichever option is chosen, one of the first topics to consider is friction. Why is friction such a big deal? According to the law of conservation of energy, the energy stored in the spring of the mousetrap should be transferred to the movement (the kinetic energy) of the car. Newton’s first law states that the car should continue on its own at the same speed forever. Ask your students why this is not observed in the "real world". In order to build a better mousetrap car, students must consider how to reduce friction, i.e. lubricated bearings or streamlining. If using wood for the body, will it need to be sanded smooth to reduce drag? What types of

materials make the best axle? How will the axles be made to turn freely, with the least amount of friction? Wood axles absorb air moisture and tend to swell or stick.  Clean, smooth surfaces such as metal and plastic work better; however, plastic axles have a tendency to warp due to the torque from the spring.

Are there cases in which friction is absolutely necessary? What would happen if there were no frictional forces between the wheels and the ground? Think about it! In order to avoid spinouts, the torque exerted by the wheel must be less than the maximum static frictional force. How does one reduce the force exerted on the wheel?

Since the mousetrap lever is what is producing a force on the wheel (by way of the string), the lever arm can be lengthened to reduce the force. According to Newton’s second law, increasing the distance of the movement of the arm will decrease the amount of force, but the amount of work done will be the same.

There are many options to consider when designing and building the mousetrap cars and many changes will be made to the cars before the cars are finished. Use this opportunity to teach your students to use the scientific method. Once each group has a working car, take a day to test specific designs. Identify a problem such as, "What type of bearing works best?" or "Which will travel faster, a wheel in which the mass is evenly distributed or a hoop-like wheel with most of its mass along the rim?" If you have not yet covered rotational inertia in class, now is a good time to introduce the topic. Have students attach some mass to the center of the wheels and measure the time it takes the car to travel 2-3 meters. Have the students move the same mass nearer the edge of the tires and time the car again. Which wheel

configuration is faster? Does one configuration allow the car to travel further? Emphasize the importance of identifying problems, good measurement techniques and keeping track of variables. Each time students make changes to their car they should gather new data to see how the changes truly affected the car.

Once built, students can use their own cars for future labs. Speed, acceleration, mechanical advantage and torque labs take on new meaning when students are using their own creations! As you can see, the mousetrap excursion can bring together many areas of physics, math and engineering. The program can be tailored to cover only a few topics or be expanded to cover many. If you are a physics teacher you may have already identified additional topics that you wish to cover with the mousetrap excursion.

Use the mousetrap car as a hook for teaching new concepts; use the mousetrap car for teaching skills; use the mousetrap car for reinforcement. Use the mousetrap car activity to have fun!

Materials

Materials will vary widely. Here is a sample list:

     Mousetrap 

     Chassis: wood scraps, balsa wood, ice cream sticks, stiff wire 

     Axles: wooden dowels, metal tubes (copper or brass), axles from old toys 

     Wheels: Metal lids, CDs, wheels from old toys, other disk-shaped objects 

     Pull Cord: String, rubber bands or fishing line 

     Glue (strong enough to withstand force of mousetrap) 

     Tools: Pliers, screwdrivers, hammers, handsaws and drills 

     Prizes: ribbons, certificates, etc. 

     Use recycled materials whenever possible 

Concepts to Think About

· Friction

· Aerodynamics

· Mass

· Inertia

· Acceleration

· Potential Energy

· Forces

· Kinetic Energy

· Newton’s Laws 

Specifications

          The cars must be powered solely by the mousetrap. 

Getting Started

1. Announce the activity to the club or class six to eight weeks prior to the construction date so that 

students have time to collect materials to be used for their mousetrap cars. Set up stations or assign partners. 

2. Set a time limit for completion of the project and the date for the races. 

3. Explain: The main objective of the mousetrap car is to power the car using nothing but the 

mousetrap itself. The process for transferring energy from the mousetrap spring to the wheels is actually very simple. Wind a string or rubber band around one of the axles, then tie the free end of the string to the arm on the mousetrap. When the trap is released, the motion of the string will spin the axle and the wheel simultaneously--moving the car forward. The rear wheels (or whichever wheels are chosen to drive the car) need to be firmly secured to the axle so that when the axle turns, the wheels will turn.

4. Part A. Design. Have students work individually or in teams. Have students brainstorm possible 

designs for their team’s mousetrap car. You may want students to put together a basic mousetrap car using the instruction in Appendix 1. If possible, invite an engineer or scientist to act as a coach as students work on this project. It would be helpful if you could get a mousetrap car that someone has constructed to give students an idea of how to make one. Try making a car yourself. After students have come up with some initial designs, allow them to do some research on other mousetrap designs (See Appendix 2). Remember that there are at least two types of races (speed and distance), so the students will need to plan accordingly.

5. Construction - Before you introduce the project to your students, find a local grant or ask parents to donate supplies. Have students construct their mousetrap cars. Students may design and construct the cars in class, during an after school program or at home.  *Look ahead at item 7 on page 5 regarding working with groups.

Safety Note. Demonstrate safety techniques in handling tools. Teach your students the proper way to handle their tools! Have students use safety goggles during sawing, drilling, and hammering.

(See http://www.aomc.org/HOD2/general/Accinjpr-BASIC.html for some tool safety tips.)

6. Gather Data. Have students make data tables to record pertinent information. Graph data where appropriate. Show your students how to exercise good use of scientific method.  Remind students to make appropriate measurements any time a change is made to the car.

7. Part B: Race. Now is the time to race the cars! Remember, there are two types of races: speed and distance. For the speed race, use tape to mark a start and finish line one-meter apart.  Race two or three cars at a time until the fastest car eliminates all the other cars. For the distance race, clear a long runway on a smooth surface. You will need at least twenty to thirty meters. The winning car is the car that travels the farthest in a test of three trials. Arrange for teachers, scientists, engineers and business representatives to judge the race and to select cars with the most creative design. Award the participants certificates.

8. Going Further. Race day doesn’t have to be the end of the activity. Students can make presentations using video, PowerPoint and making web pages. Use the mousetrap cars in future labs such as momentum, acceleration, potential and kinetic energy, friction, etc. 

Explanations

1. Where was the potential energy of the car stored?

Potential energy was in the spring mechanism of the trap's lever arm.

2. What was the potential energy converted to?

The potential energy was converted to kinetic energy, mechanical energy, sound, and heat (friction) energy

3. Did the drag race winner's design differ from the winner of the long distance race? 

Describe any differences.

Answers will vary. It is common for the same car to win both races. Characteristics of winning designs: Free turning axles, which reduce the friction and allow the car to "coast" farther.

4. Describe the design of the winner of the drag race:

It was probably very lightweight, had axles that turned freely, and had good traction at the start.

5. Describe the type of axle that had the least resistance (turned the easiest).

 Answers will vary. Students may need to set up an experiment to answer this question. Metal to metal is usually best.

6. Did the mass of the car seem to matter? Explain.

 Answers will vary. Students may need to set up an experiment to answer this question.

7. Did the type of wheel affect the cars? Explain.

 Answers will vary. Students may need to set up an experiment to answer this question.

8. Did any particular pull cord outperform the others?

Answers will vary. Students may need to set up an experiment to answer this question. Rubber band provides the smoothest, longest pull. The rubber band's friction to the axle is usually superior to string. Rubber band breaks more frequently.

9. Why should new data be recorded after each change to the car?

If new data is collected after several changes, you will not be able to be certain which is responsible for the new results. Success of a system is dependent upon understanding how the individual components affect the whole.

CAD Project
1. Students can develop a deeper level of understanding working with any CAD program when required to draw an object when they have a 3D object in hand and a partner(s) to problem solve with.   

2. The level of CAD work can depend on many factors.  The student skill level and the software you are using will determine the depth of CAD work that is done.  A minimum requirement could be for each group to draw one part per team member in a typical multi-view layout with dimensions.  On the other end of the scale you could ask each group to complete a 3D model assembly and animate the vehicle in motion.

3. To create an assembly file you will have two or more students draw individual part files.  Most CAD programs allow you to easily export one part file and import it into another part file.  In a lab situation with students accessing a server it would be easiest to give all class members rights to a “CAD” drive.  Only members of the “CAD” group would be able to see the “CAD” drive.  Students will then be able to share files through the LAN with their partners.

4. Make sure that students have sufficient storage space on the server.  Nothing can be more frustrating than losing a part file due to a file save error related to limits on storage space.   It is recommended that students backup work on a floppy disk, zip disk or hard drive and only access the “CAD” drive when sharing files.  After making a transfer delete the files from the “CAD” drive so as not to overload the server with needless files.  

5. Have each group create a team name and name a folder on the “CAD” drive using that name.  As each team member saves files to the folder make sure they use unique file names so they don’t write over the top of each other’s work.

6. It is confusing and a bit more work to merge components into an assembly when parts are oriented in different directions.  When drawing each vehicle component remind students to orient the front view to the same orientation that the other team members will use on their parts.  In other words, when viewing most vehicles the mousetrap rectangle would be drawn in the top view, the wheel’s circumference would be viewed in a front view.  Require each team to sit near each other and to have their vehicle on hand while they orient each view and discuss how to draw various parts.

7. When working on any group project it is useful to have weekly sessions where each team has a spokesperson and have them describe to the class what they have accomplished and what the team’s goals are for the next week.  Require the spokesperson to explain what the current responsibilities are for each member of the team.  The instructor can use these sessions to give individual progress grades.  Require that the job of spokesperson be rotated each week around the team members.  When students know that this will happen weekly it helps to encourage individual responsibility and planning for completion of the project.  These sessions also help other groups know where they should be in making progress towards final completion as well as giving the instructor some insight into problems that groups may be having.

Celebrate students’ successes.  At the completion of the distance or speed race announce to the whole school the winners and post drawings around the school.  Also, publish an announcement in the school monthly newsletter.  Ask the local newspaper to publish an article about the project with results.

Basic Design and Instructions for Building A Mousetrap Car

This is a set of basic instructions and tips on how to get started building a mousetrap car out of balsa wood. Many other materials and designs are possible; adapt the instructions to your needs and imagination. 

Materials will vary widely. Here is a sample list:

     Mousetrap 

     Chassis: wood scraps, balsa wood, ice cream sticks, stiff wire 

     Axles: wooden dowels, metal tubes (copper or brass), axles from old toys 

     Wheels: Metal lids, CDs, wheels from old toys, other disk-shaped objects 

     Pull Cord: String, rubber bands or fishing line 

     Glue (strong enough to withstand force of mousetrap) 

     Tools: Pliers, screwdrivers, hammers, handsaws and drills 

     Prizes: ribbons, certificates, etc. 

     Use recycled materials whenever possible 
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       Procedures

1. Chassis: Begin by cutting out two side rails from wood scraps or balsa wood. The rails should be identical. The length of the rails should be a minimum of 2 inches longer than the mousetrap or longer (to accommodate the wheels). Make the height of the rails about an inch. The thickness of the rails should be as thin as possible, but must be able to withstand the force of the mousetrap pulling on the axle. 

2. Axles: The best axles are smooth and lightweight, yet strong. The axles will also need to turn as freely as possible by using bearings or bushings. Each of the following types of axles can be made from small copper or brass tubing. 

a. Axles using bushings: A bushing is a metal lining used to reduce friction. You will use metal tubing of two different sizes. The small sized tubing will serve as the axle and the larger tubing will serve as the bushing. Carefully cut a piece of the larger tubing so that it is a little longer than the thickness of the side rails of the chassis. Drill a matching sized hole in the chassis and insert the piece of large tubing. The axle should spin freely within the larger tubing.  Glue the wheels to the axle. 

b. Axles using bearings: Obtain a set of small bearings from a hobby store. Drill or carve out a hole in the chassis that is large enough for the bearings to fit. (Note: when gluing the bearings in place, be sure not to get glue on the face of the bearings!) Use a piece of metal tubing that fits snugly into the bearing for an axle. Glue the wheels to the axle. 
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3. Mousetrap: Once the chassis is built, glue the mousetrap to the top of the rails. Be sure that the lever arm will travel away from the drive wheels when the spring released. The trap should not cover the drive wheels. Tie one end of the pull cord onto the mousetrap lever. Set the trap and wind the other end of the pull cord around the axle. (You will want someone holding the mousetrap open while you do this.) 

Tips

Glue: Use quick drying hobby glue. Pay attention to the drying time specified on the bottle. Some glue will permanently set in as little as five seconds, giving you very little time to position the pieces. If you glue your fingers together (or to the car!) use acetone or nail polish remover to dissolve the glue. You may want to keep some extremely fast drying glue at hand during race day! 

Wheels: Old CDs make great wheels, but have very little traction. Stretch a wide rubber band around each wheel; the rubber band can even be glued into place. 

Pull Cord: Your pull cord needs to be strong enough to withstand the forces exerted by the mousetrap spring. Fishing line (spider wire is excellent), rubber bands (not legal in some competitions) or strong string work well. Winding the pull cord in the wrong direction makes the car go backwards; painting a small arrow on the axle as a reminder can help. 

Alignment: A mousetrap car that always steers to one side will not be good for competition. Place shims (small pieces of scrap wood) in between the bushings or bearings of one or more of the wheels to align the wheels. It is very easy to do this with balsa wood. 

Aerodynamics: Keep the number of flat surfaces facing the front of the car down to a minimum. Sanding the body of the car smooth also helps cut down drag. 

MouseTrap powered cars
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The fist two cars have a large drive wheel and a small drive axle. For each turn of the wheel the car travels a long distance. The objective is to have a slow moving car that has a lot of string on the axle.  Notice in the second picture that the mousetrap is placed closer to the wheel than the first car, the reason for this: the drive wheel was too large and there was not enough torque from the mousetrap to turn the wheel. Moving the mousetrap closer to the drive wheel will increase the torque of the pulling arm. In the first picture the big wheel was made from an old record. In the second picture the big wheel was made from foam board. Foam board is much lighter and easier to turn. 
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Two unique wheel designs. The first picture shows a mousetrap car that has a big wheel made from an embroidery hoop. Finding the center with splints is not easy. The second picture is a mouse trap car that has a big wheel made from foam board with a rather unique design pattern cut out in order to decrease rotational inertia.
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Two classic mousetraps powered racers. Large big wheel, long lever arm, a lot of travel distance
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A big wheel is not the only way to get the job done. Here two CD wheeled cars have a long lever arm

that pulls them a great distance. 

Sample Student Log

Due Dates: 

Construction

________________ 

Race Day 

________________ 

Technical Report

________________ 

Class Presentation
________________ 

Group Partners 
Name
Phone Number










Materials Used 

Observations of Your Finished Car 

Observations of Winning Car 

Sample Data Sheet

NAME ______________________________ 

Pre-Race Data: (Gather new data each time a change is made to the car!)

Changes Made to Car:

New Materials Used:

Distance Table


Distance

Trial 1




Trial 2


Trial 3


Speed Table


Distance


Time   


Calculated Speed



Trial 1






Trial 2




Trial 3






Average Speed:



Applications

(Answers in Italics)

1. Use the following data to calculate the average speed of a mousetrap car. (speed = distance ÷ time)


Distance

(meters)


Time                             (seconds)
Speed

(m/s)

Trial 1


3.00


5.0


0.60



Trial 2


3.00
4.8
0.625

Trial 3
3.00
5.1
0.59

Average Speed
0.61

2. What is the momentum of a 250 g mousetrap car traveling 1.5 m/s?

(Hint: mass will need to be measured in kilograms!) (momentum = mass * speed)

0.250 kg * 1.5 m/s = 0.38 kg * m/s

3. What is the kinetic energy of the mousetrap car in the previous problem? (KE = 1/2 * mass * speed2)

0.5 * 0.250 kg * (1.5 m/s)2 = 0.28 Joules

4. If a mousetrap car begins from standstill and reaches 2.2 m/s in 12 seconds, what was the acceleration of the car? (acceleration = change in speed ÷ time)

(2.2 m/s - 0 m/s) ÷ 12 s = 0.18 m/s2
5. If the mousetrap car in the previous problem had a mass of 0.24 kg, how much force was needed to accelerate the car? (Newton’s Second Law: force = mass * acceleration)

0.24 kg · 0.18 m/s2 = 0.043 Newtons

6. How much work is done by the spring in the mousetrap if it pulls the string with a force of 12 Newtons and moves the car 7 meters? (work = force · distance)

12 N · 7.0 m = 84 J

7. If a mousetrap car has 325 Joules of energy and it uses all of that energy in 15 seconds, how much power does the car have? (Power = work ¸ time)

325 J¸ 15 s = 22 W

*After the testing is complete discuss as a group the questions below.  Record the group’s opinion on each question.

Sample Explanations

1. Where was the potential energy of the car stored?

Potential energy was in the spring mechanism of the trap's lever arm.

2. What was the potential energy converted to?

The potential energy was converted to kinetic energy, mechanical energy, sound, and heat (friction) energy

3. Did the drag race winner's design differ from the winner of the long distance race? 

Describe any differences.

Answers will vary. It is common for the same car to win both races. Characteristics of winning designs: Free turning axles, which reduce the friction and allow the car to "coast" farther.

4. Describe the design of the winner of the drag race:

It was probably very lightweight, had axles that turned freely, and had good traction at the start.

5. Describe the type of axle that had the least resistance (turned the easiest).

 Answers will vary. Students may need to set up an experiment to answer this question. Metal to metal is usually best.

6. Did the mass of the car seem to matter? Explain.

 Answers will vary. Students may need to set up an experiment to answer this question.

7. Did the type of wheel affect the cars? Explain.

 Answers will vary. Students may need to set up an experiment to answer this question.

8. Did any particular pull cord outperform the others?

Answers will vary. Students may need to set up an experiment to answer this question. Rubber band provides the smoothest, longest pull. The rubber band's friction to the axle is usually superior to string. Rubber band breaks more frequently.

9. Why should new data be recorded after each change to the car?

If new data is collected after several changes, you will not be able to be certain which is responsible for the new results. Success of a system is dependent upon understanding how the individual components affect the whole.

SampleGrade Sheet

Team Members:
_______________________________________________________________________

Team Grades

Progress Grades


Due Date

Complete

Main Body:


__________

_____

Front axle and wheel construction:
__________

_____

Rear axle and wheel construction:
__________

_____

Trap and lever assembly attached
__________

_____

______________________________________________________________________________________

Group Progress Grade: 
_____

Concept Checklist:
_____

Data sheet: 

_____

Student Log:

_____

Explanations Sheet:
_____ 

Applications Sheet:
_____

_____________________________________________________________________________________

Individual Grades

Progress Grade One:
_____

Progress Grade Two:
_____

Progress Grade Three:
_____

Progress Grade Four:
_____

_____________________________________________________________________________________

CAD Components

Object


Due Date
Grade
Name of student who completed the CAD file

Wheels:


_____

_____
____________________________________

Front axle assembly:
_____

_____
____________________________________

Rear axle assembly:
_____

_____
____________________________________


Lever mechanism:
_____

_____
____________________________________

Final Assembly:

_____

_____
____________________________________

*Duplicate one copy per team member
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