
CHAPTER 8
KINETIC and POTENTIAL ENERGY


From chapter 1 of this course to the present, we have been studying mechanical systems, We first discussed their kinematic properties, thereby introducing the concepts of displacement, velocity and acceleration. We studied the dynamic properties of mechanical systems, introducing the ideas of force and momentum. We now need to introduce one further quantity before our study of mechanical systems will be complete. This quantity is ENERGY.

If an informal poll were taken among scientists to discover what they consider to be the most fundamental of physical quantities, the answer in all probability would be that energy is the most fundamental. You might then ask why we waited until this point in the course to introduce the concept of energy. This is because that which is most fundamental is often very subtle, and it is often best to first introduce quantities which appeal more to the intuition: such quantities being mass, velocity, acceleration, force, etc.

Specifically, this chapter introduces KINETIC and POTENTIAL ENERGY ‑ a property of bodies in motion, bodies at rest, and a related concept called WORK. Just how these quantities interrelate will be clarified in the readings. We will then examine how energy figures into the “position” and “interaction” of material bodies. The interaction of two objects "bumping into" one another is of rather narrow and limited usefulness in physics, and the law of conservation of kinetic energy is limited by the fact that it hardly ever is valid in real physical situations. 

When we have a handle on both kinetic and potential energy, we can analyze mechanical systems using a very powerful tool ‑ the law of conservation of total mechanical energy. We have seen how kinetic energy is conserved under certain specific conditions. It turns out, that the total mechanical energy, defined as the sum of the kinetic energy and potential energy of a system, is conserved in an extraordinary wide variety of circumstances. If one is careful, this conservation law can be used to analyze any mechanical system where the action of friction is of a major factor ‑ from the motion of planets and satellites to the bone structure of an animal.

In this chapter we will first see what potential and kinetic energy is and how it figures into the description of mechanical systems where forces are acting. Then we will explore the total mechanical energy of many systems in detail and why and how this quantity is conserved.

When in future chapters we leave the realm of purely mechanical phenomena to study heat, electricity, magnetism and atomic structure, we will find conservation of total energy no less applicable. In studying these different kinds of physical systems, we will have to think a bit about what constitutes the total energy of a system. But. having done this, we will find that this general conservation law can be applied in the same manner as we will learn to do in this chapter.


CHAPTER 8
PERFORMANCE OBJECTIVES

Upon completion of this chapter, you should:

1.
be able to deduce work as a measure of energy transfer.

2.
be able to define the joule as the unit of work.

3.
be able to calculate the work done on an object.

4.
be able to recognize a situation in which the component of a force is perpendicular to the displacement and recognize that no work is being done.

5.
be able to define kinetic energy as energy due to the motion of an object.

6.
be able to determine the potential energy stored in a spring.

7.
be able to equate mathematically the potential energy stored in a spring to the amount of stretch or compression the spring undergoes.

8.
be able to describe mechanical energy conservation as two objects interact elastically.
9.
be able to state the relationships between the change in gravitational potential energy near the surface of the earth and the height of a mass "m" above the surface of the earth.

10.
be able to describe the energy conservation occurring in an object falling toward the earth, neglecting friction.

11.
Be able to recognize the nature of potential energy and discuss gravitational potential energy in general (at any distance from the earth's surface).

12.
be able to state the relation between work and potential and kinetic energy.

13.
be able to recognize that kinetic energy is conserved in an elastic collision but not conserved in an inelastic collision.

14.
be able to calculate the kinetic energy, mass, or velocity given all but one of the variables.

15.
be able to use the principles of conservation of momentum and kinetic energy in a one dimensional elastic collision to determine the velocities of the two masses after the collision, given their masses and velocities before the collision.

16.
be able to recognize that analyzing kinetic energy from a center of mass point of view can simplify the analysis.

17.
be able to calculate:


a.
the escape velocity of any object leaving the earth or another object.


b.
the binding energy to the earth or another object.

