AP Physics – Friction
Friction!  You’ve heard that word, heck, maybe you’ve even used it.  So what in the world is friction?  We've all heard about it and blame it for all sorts of things.  It is the cause of many problems, but we couldn't get along without it.  

Press your hand down on your desktop and then pull it sideways.  The force that tugs on your hand trying to stop it is friction.  Friction is experienced by cars rolling down a road, a horse walking in a field, a sailboat gliding through the water, or an airplane cruising at 45,000 feet.

Friction is a force that resists the motion between two objects in contact with one another.  

For a fancier definition, try this:

Friction  (  force caused by interaction of a body with its surroundings.
Cause of Friction: Friction is brought about by many things.  One major cause of friction has to do with the electrons of the two surfaces in contact with one another.  When the objects are close, electrons from one object will form weak bonds with the atoms of the other (and vice versa).  These bonds, individually weak, are present in great numbers and add up to a significant force.  Another cause of friction is the surfaces themselves.  Even the smoothest surface is, when examined under high magnification, rough as a cob.  When an object lies on a surface, its little hills and dales presses down and gets stuck in the rocky mountains of the other surface.  To make them move you have to dislodge all the little catches and hooks that have developed.  Once the thing is moving, the surface irregularities still try to catch and lodge with each other.
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Another cause of friction is deformation of the surface.  An object sitting on a surface causes the surface to sag a little.  So the object is sort of sitting in a little depression.  To make it move, you have to dislodge it from the depression it’s in

Value of Friction:  Is friction bad?  Yes!  Friction is a force that slows things down, makes airplanes go slow, uses up energy, makes you tired, costs a lot of money, wears thing out, &tc.

If friction good?  Yes!  You couldn't walk without friction.  Sans friction, cars wouldn't go and they couldn't be stopped.  Your pants would fall off.  &tc.

Forces Involved in Friction:  Friction opposes motion.  If you pull on an object to make it slide across the floor, the frictional force opposes that pull and will be in the opposite direction.  The frictional force is always parallel to the surface and in a direction that opposes the motion of the object.  There are several forces acting on an object that is experiencing friction.  

· The weight of the object which pushes it down onto the surface it sits upon.  This is Fg (or mg), the weight vector.  

· The force exerted on the object by the surface, pushing it perpendicular to the surface.  This is, of course, our old friend, the normal force, n.
· The force that is pulling the object (or pushing it).  This is called the applied force, F.
· The frictional force, parallel to the surface and opposing the applied force,  f.

· [image: image1.emf]If the surface is horizontal and there are no other vertical forces  n  =  Fg.  

· The normal force, n, is always perpendicular to the surface.

· If F  is greater than f, the object must accelerate with a net force of F – f.

· If  f is greater than F, the object won't move at all.

· If  f  =  F   then the object is moving at a constant speed (or is at rest) as the net force on the object is zero.  

Types of Friction:  There are several types of friction.  The one we'll be dealing with is called sliding friction.  There is also rolling friction (which is much smaller).  This is the friction of wheels, rollers, ball bearings, &tc.  There is also friction caused by passing through fluids - water resistance and air resistance for example.

Figuring Friction: Friction exists between two things.  No one, single thing has friction.  Friction is the result of the interaction of two surfaces.  A rocket traveling through the atmosphere experiences friction with the air but a rocket traveling in the vacuum of space experiences no friction at all.  (Well, maybe a teeny amount because the vacuum of space does have a slight smattering of loose atoms and things, but they are so far apart that we can virtually ignore them.)

The magnitude of the frictional force depends on the normal force and the material of the two objects in contact.  Wood on wood would have a different frictional force than steel on wood, and so on.  Heavy objects have more friction than very light ones, &tc.  

When an object is at rest, it takes a larger force to make it move than it takes to keep it moving once it’s got going.  Resting objects have to have their static friction overcome before they can move.

 Fs  ( static force of friction
If an object has a force applied to it but remains at rest, then   fs  =  F.  The static frictional force can have a max value of F.


Moving objects require an applied force to keep them moving that overcomes the kinetic force of friction. Kinetic is based on a Greek word and means “moving”.

fk   ( kinetic force of friction.  

If the object moves, then the applied force has to be greater than the static frictional force (to get it started) and must be as big or bigger than the kinetic frictional force.
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Kinetic friction is always smaller than static friction.

This is because an object at rest on a surface has its microscopic surfaces embedded in the surface.   Also, the electrons form their little bonds (as mentioned before), and you have the depression deal.   When an object is in motion, you just have the rough surfaces bouncing off each other.  The electrons don’t have time to set up bonds, so that force is near zero, and the depression thing gets eliminated or rendered pretty insignificant.  Therefore the kinetic frictional force is always less than the static frictional force.

Finding the frictional force is pretty simple.  The frictional force is proportional to the normal force.  Since there are two types of friction, static and kinetic, we have two equations:
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(s  (  coefficient of static friction

(k  (  coefficient of kinetic friction

The value of the coefficients depends on the two surfaces in contact with one another.  These values are found by experiment.  Useful tables can sometimes be found that have the different coefficient values for common materials worked out and ready for use by the enterprising physicist.

Let’s do a simple friction problem.

· A 25.0 N wood block is pulled across a wooden table at constant speed.  What is the force needed to do this?  For the coefficient of kinetic friction use 0.35.

Here is a table of values for some example coefficients of friction.
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Let’s look at a slightly more complicated problem where the applied force is at an angle.  The force that friction will oppose will be the horizontal component of the applied force.
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You pull a 65.0 kg crate of mass m across the floor with a force F at an angle of 34.0(. The coefficient of friction between the surfaces is 0.235.   If the crate moves at a constant speed, what is the applied force?




�
Coefficients of Friction�
�
�
Materials�
Static Friction�
Kinetic Friction�
�
Steel on steel�
0.74�
0.57�
�
Aluminum on steel�
0.61�
0.47�
�
Wood on brick�
0.60�
0.45�
�
Copper on steel�
0.53�
0.36�
�
Rubber on concrete�
1.0�
0.80�
�
Wood on wood�
0.25 – 0.50�
0.20�
�
Glass on glass�
0.94�
0.40�
�
Waxed wood on wet snow�
0.14�
0.10�
�
Waxed wood on dry snow�
--�
0.040�
�
Metal on metal (lubricated)�
0.15�
0.060�
�
Ice on ice�
0.10�
0.030�
�
Teflon on teflon�
0.040�
0.040�
�
Synovial Joints in humans�
0.010�
0.0030�
�
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