Free-Body Diagrams
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Free body diagrams (FBDs) are simplified representations of an object which includes only the forces acting on the object. The body is free because the diagram shows it without its surroundings (the body is 'free' of its environment).  FBDs help to eliminate unnecessary information given in a problem, they may include the following forces:

Gravity 

The gravitational force acts on all objects.  The acceleration due to gravity (on Earth) is constant and acts downwards, it is approximately g = -9.8 m/s
Normal 

The normal force (FN) is what prevents objects from 'falling' indefinitely.  It is always perpendicular (normal) to the surface an object is in contact with.  For example, if there is a box on the floor, then we say that the box experiences a normal force by the floor; and because of this force, the box does not fall into the floor.  The normal force on the box points upward, perpendicular to the floor.
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Friction 

Friction is a force that opposes motion, it is caused by the rubbing of surfaces.  The magnitude of the friction force is related to the normal force, but whereas the normal force was perpendicular to the surface, the frictional force is parallel.  More specifically, its vector always points away from the direction of motion.  Some surfaces are “rougher” than others, this is quantified by the coefficient of friction (().  The frictional force is given by the product of the normal force and the coefficient of friction, Ff = (FN.  Surfaces typically have two values for the coefficient of friction, one static ((s) and one dynamic ((k).  The static coefficient of friction is used when the object is not moving and the dynamic when the object is moving.

Friction (Drag)

The resistance due to pushing molecules aside, such as air, is another form of friction called drag (Fdrag).  Typically it is a function of velocity (the air resistance term might eventually equal to the force of gravity causing the object to cease to accelerate, hence the term “terminal velocity”).  In this class this force is going to be given (if used).  

External forces 

An object might experience an external force by a physical push or pull. This could be caused by the wind pushing on a ship, a child pulling on a wagon, or in the case of our first example, a person pushing a box on the floor.

Tension 

Tension is a force exerted by a string, cable, or a similar object.  This is somewhat more advance application which we will use later on.

Others

There are four fundamental forces in nature: gravitational, electromagnetic, weak, and strong.  The weak and strong forces only occur at the atomic level and will not be covered in this class.  The electromagnetic force will be covered later on.

Summary:

According to Newton’s Second Law (Fnet = ma), a net force on an object will cause it accelerate.  The net force is the vector sum of all the forces acting on an object.  Remember that when adding vectors direction must be taken into account!  It is often easier to do this choosing a reference frame and decomposing vectors into such frame.  

For now, the first step is to recognize all the forces involved by drawing FBDs.  It takes practice to look at a situation and determine all the forces at play – practice is the key!  Try the following:
1. A book is at rest on top of a table.

2. An egg is free-falling from a nest in a tree. Neglect air resistance. 

3. A flying squirrel is gliding (no wing flaps) from a tree to the ground at constant velocity. Consider air resistance. 

4. A rightward force is applied to a book in order to move it across a desk with a rightward acceleration. Consider frictional forces. Neglect air resistance. 

5. A rightward force is applied to a book in order to move it across a desk at constant velocity. Consider frictional forces. Neglect air resistance. 

6. A skydiver is descending with a constant velocity. Consider air resistance. 

7. A skier is sliding down a hill of snow at an angle of 22(.  Neglect frictional forces.

8. A football is moving upwards towards its peak after having been kicked by the punter.  
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