[image: image1.png]Example of supplies used in a mousetrap car made from balsa wood




Student Guide

[image: image11.png]


[image: image12.png]


[image: image13.png]


[image: image14.jpg]




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!

Specifications

          The cars must be powered solely by the mousetrap. 

Grading

Review the grading sheet each step of the way.  You must keep good records for a grade on this project.  All material should be kept in your group folder and the folder must remain in the classroom storage file.

Experimentation

Think about the concepts and principles you saw on the power point presentation.  Discuss various options with your partners.  Remember the key to success is teamwork.  Be flexible and respect your partner’s suggestions.  Diplomacy and patience go a long way.  

Use this checklist when reviewing your concept design for scientific integrity.  Discuss the concepts below and list what practical design considerations you are using to take advantage or overcome the physics of each item listed below: 

CONCEPT CHECKLIST

· Mass

_______________________________________________________________

· Inertia

_______________________________________________________________

· Acceleration

_______________________________________________________________

· Potential Energy
_______________________________________________________________

· Friction

_______________________________________________________________

· Forces

_______________________________________________________________

· Aerodynamics
_______________________________________________________________

· Kinetic Energy
_______________________________________________________________

· Newton’s Laws 
_______________________________________________________________

Construct the body of your vehicle and experiment with lever length, wheel diameter, and trap placement.  Record the changes you make and the results each and every time.  If you don’t keep accurate records you will not really know what changes will be best for your design. 

CAD Project

Each team member needs to draw components of the vehicle.    

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 first 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. 

[image: image5.jpg]


[image: image6.jpg]



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.

[image: image7.jpg]


[image: image8.jpg]



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. 

Student Log

Name___________________________ 

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 

Data Sheet

NAMES: __________________________________________________________________________ 

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

(Samples in Italics)

1. Use the following data chart to calculate the average speed of your 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

 What are the calculations for your car? Car weight: _______ g

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

What are the calculations for your car?

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
What are the calculations for your car?

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

What are the calculations for your car?

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

What are the calculations for your car?

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

What are the calculations for your car?

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

Explanations

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

2. What was the potential energy converted to?

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

Describe any differences.

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

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

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

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

8. Did any particular pull cord outperform the others?

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

Grade 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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