Physics II

Mr. Stapleton’s Answers

How will the following factors affect the amount of energy a wind-up car loses to friction?


1.
Drive Axle Diameter:  Figs A and B show cross sections of two different axles that are inserted in equal sized holes in the frame.  In both Figures, the axle is contacting the frame at only one point.  As each axle rotates once, its entire surface will rub against the frame.  If the force of friction at the point of contact is F, the energy lost due to friction will equal the work done by friction.  This work is Fd, where d = the circumference of the axle.  A thinner axle will result in less energy loss due to friction – as long as the axle does not “sag” due to its thinness.

2.
Wheel diameter:  The larger the wheel diameter, the fewer revolutions a wheel will make in a given distance.  Fewer revolutions means less rubbing of the axle against frame (as explained in discussion above).  However, larger wheels that are misaligned may have a greater chance of rubbing against the frame (wheel to frame).

3.
Overall car mass:  If a difference in car mass is the result of heavier non-wheel parts, then a heavier car will have more energy loss due to friction.  This is because the force of friction will be higher at the contact point between the axle and the frame.  That force will be wμ, where μ is the coefficient of friction between the axle material and the frame material.
How might these factors affect a wind-up car’s max velocity?

4.
Overall mass:  A less massive car should have a greater maximum velocity.  Assuming that this car is 100% efficient, at its maximum velocity it will have 2j of kinetic energy.  In other words, 2j = ½ mv2 + ½ Iv2/r2.  From this equation, it can be seen that v will be highest when m and I (both dependent on mass) are lowest.  Simply put, compared to a more massive car, a less massive car can has the same energy at a higher velocity.
5.
Wheel mass:  If the car is 100% efficient, its maximum KE = 2j = ½ mv2 + ½ Iv2/r2.  According to this equation, a faster car needs to have wheels with lower moments of inertia (possibly due to lower mass) and larger radii.  As the car rolls along, larger radii wheels rotate at a lower angular velocity, and wheels with smaller moments of inertia take less energy to rotate at any speed.  Thus large radii wheels with lower moments of inertia leave more energy for translational (non-rotating) motion.  The best wheels somehow manage to have large radii but very low moments of inertia. 
6.
Pulling distance (distance car travels while propelling force is being applied):  Theoretically, a car that travels farther as its pulling force is applied loses more energy to friction as it accelerates to top speed.  This is because the axles turn more times during this longer acceleration distance.  However, cars that do the same work in a shorter distance (stronger force / shorter distance) tend to have unmanageably strong forces.  They often spin their tires, and that results in an overall energy loss limiting top speed.  A strong pulling force can also pull the drive axle against the frame, increasing the force of friction.  This pull can also possibly yank the axle temporarily out of alignment, causing the car to turn.  In reality, a medium pulling distance (whatever that means () is probably best.
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