POTENTIAL ENERGY

Potential energy is energy that is a function of position only.  A potential energy function U(x, y, z) exists only for conservative forces.  A conservative force is a force that does the same amount of work on an object when the object undergoes a displacement regardless of the path taken.  The work done by a conservative force is path independent.  The work done by a conservative force for all closed paths is zero.  Conservative forces conserve total mechanical energy.
All constant forces are conservative because they do not depend on path or anything else.

If a force has a component with explicit time- dependence, then that force is non-conservative.  Different paths for the same displacement would involve non- equal time intervals such that the time- dependent force would do varying work for the same change of position.  All dissipating forces such as kinetic friction or drag forces are non-conservative because they dissipate mechanical energy.  If the force is variable and its x-component of force is a function of x only, then it is conservative because work is only done by the x-component of the displacement’s path.  The same is true for the y and z components.  For an elastic spring, F
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(x) = - kx.  Thus, the elastic spring force is conservative.  The only type of force that can not be classified as conservative or not by inspection is a force whose x-component depends on y or z.  By applying a vector curl or using the method of cross derivatives shown in class, you can test for a force’s path independence.
The chart below summarizes the rules for conservative forces.
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(x,y)  test for conservative force.


An important application of potential energy is the stability of equilibrium positions.  A fundamental principle of thermodynamics states that a system will evolve over time to minimize its potential energy and maximize the number of possible configurations of its heat energy.  If a particle of a system is in an equilibrium position, the forces acting on it are balanced and sum to zero.  Random thermal fluctuations can temporarily move that particle away from its equilibrium position.  The particle will be able to return to its equilibrium position if the equilibrium position is stable.

The test regarding the stability of a one dimensional equilibrium  position is as follows:
If d
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= -dF/dx > 0, the position x is stable and x is a local minimum.
If d
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= -dF/dx < 0, the position is unstable and x is a local maximum.

If d
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= -dF/dx = 0, the position is quasi-stable and x is an inflection point
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