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     Revisiting Lift, Modifications: Axles & Tires, Friction: Static/Kinetic/Rolling,

Free-Body Diagramming, Center-of-Mass (w/ "suspension").
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Revisiting Lift (Bernoulli's Principle): 


When an object moves through a viscous medium (like air or water), the shape of the object plays a large part in determining whether it will rise or fall or remain level.  When a low-pressure area is present with a high-pressure area, the medium (air, for instance) will tend to try to even the two pressures out.  The concept of vacuums relates directly to this concept.  When you create a vacuum environment (as when you use a straw to drink a fluid) you are forcing a medium (the drink) from a high-pressure area (the volume of the cup) to a low-pressure area (your mouth).  Or, when you open up a window while driving a car, and your papers move towards the open window—the same principle is at work.  

A common application of Bernoulli's Principle is given in the below diagram.  The side-view of a plane's wing is shown, in Free-Body-Diagram form—showing all of the forces acting on the wing (air-currents added for emphasis):
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The air travelling along the top of the wing is forced to move faster than the air moving along the bottom of the wing because it has a greater distance to travel in the same amount of time (recall: vavg=d/t).  Bernoulli knew that faster-moving air was a relative low-pressure system, and slower-moving air was a relative high-pressure system.  This difference of pressures causes a Force to exist while the higher-pressure air is trying to enter the lower-pressure area in order to equalize the two pressures.  But, since the body (and specifically the wing) of the plane is directly in the path of the slower moving air, the Lift-Force acts on the plane, instead.  If the Lift-Force is greater than the Force due to gravity, the plane will rise upward.  If the two forces are equal, the aircraft will remain stationary in the vertical position.  And, intuitively, if the Force due to gravity is greater than the Lift-Force, the plane will begin to descend.  This is why planes must gain a specific speed in order to take-off from the ground.  They must also maintain certain speeds according to how they want the plane to respond.  

In much the same way, your car will experience this same lifting Force.  In our case, however, the Lift-Force will make our car less efficient, as you will soon discover.
Modifications (Axles and Tires):

There are many complex ways in which tire-suspension can be accomplished.  However, a very simple way is by using nails as the axles and some round objects as the tires.  These objects could be hobby-tires, pieces of cylindrical material (like wood or plastic), or even bottle-caps.  Whatever the case, the process is simple.  Make a hole in the tires' material that has a large enough diameter in which the neck of the nail may fit loosely but small enough to prevent the head of the nail from passing through (roofing nails are a likely match).  

Then, you simply hammer-in the nail+tire combination at a point near the bottom of the derby car that allows the tire to move freely.  You must use caution so as to not bend the axles or break the tires.
Friction (Static/Kinetic/Rolling):

You are already familiar with Static and Kinetic frictional forces.  Another type of frictional force which has been used for centuries is Rolling Friction.  Plainly put, Rolling Friction is present when one surface truly rolls along another.  This is NOT Kinetic Friction which exists when two materials are slid across one another.  However, Kinetic Friction IS present where tires are involved.  A skidding car has its brakes locked and so the tires are not spinning.  During this time, the rubber of the tire and the blacktop surface are rubbing together.  Static Friction also plays a part in tires—as when a parked car is rear-ended and the emergency-brake is on.  That Static frictional force between the unmoving tires and the road must be overcome before the car can slide forward.  

The different frictional forces for a tire are illustrated below.  (Note:  the below are NOT Free-Body Diagrams).
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As you can see, Rolling Friction faces the opposite direction for a tire as Static and Kinetic Frictions.  This is because all frictional forces must oppose the direction of motion!  At the point where the rubber meets the road, the tire material is heading towards the back of the vehicle.  So, Rolling Friction must act in the other direction (towards the front of the vehicle).  The greater the friction between the tires and the blacktop, the better.  This is the so-called "grip" on the track that racers are always on about.  Without it, the drivers would literally be spinning their wheels.
Free-Body Diagramming:
· Draw the FBD for a manta-ray which is swimming through the ocean:

	


· Draw the FBD for a car that is skidding to a stop from a high speed:

	


Center-of-Mass (w/Suspension):

Once you have put on your wheeled axles, you should find the center-of-mass of your completed derby car.  

· Has it moved?  (circle)    YES    NO
· Has it moved closer or further from the ground?  ___________________

· Explain this:  ___________________________________________________
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