
Mechanics Notes

1. Motion

In studying motion, we first learned how to give the position of an object, either as a single number, what
meter mark the object is standing at, in the case of linear motion, or as a vector, in the case of two
dimensional motion. Then we introduced velocity, which is the rate of change of position, and acceleration,
which is the rate of change of velocity. When defining rate of change, we made use of the definition of
"change in something" as the final value minus the initial, or in other words, the amount I need to add to the
initial value to get to the final value. We also used average velocity, which is quite a different thing from
change in velocity - the average of the start and end, rather than the difference between them.

In general, the first task in a motion problem is to identify what I have, and what I want. Is it a velocity?
Final, initial, average, change? Once I have all my variables identified, I can play around with the equations,
finding whatever variables I can, until I finally get the one I wanted.

Two more equations, less frequently used, are created by combining the above four equations in useful
ways. All these equations apply equally well to vectors and to plain numbers.

2. Force

The key ideas in the force unit are Newton's laws. The first and
second law say that acceleration results from a net force on an
object, and that a more massive object will accelerate less. The third
law says that any time there is some force exerted by an object B on
an object A, A exerts a force back on B, with the same strength and
the opposite direction. Thus, forces always exist in pairs. Note that
the two forces in an action/reaction pair always act on two different
objects.

In order to find the net force, I need to "resolve" vectors into
components: taking a force going off at some angle, I draw its x-hat
and y-hat components in such a way as to make a triangle, and solve
for them using trig functions. Remember SOH-CAH-TOA for
choosing the right trig function. Also, be careful that you give vector
components the right sign based on what quadrant the vector goes
into.

Sometimes I can use this same process in reverse: the requirement
that one component be balanced can give me one component of an angled force, from which I can solve
(using trig) for the strength of the force itself. The strength of the force will always be along the hypotenuse
of the triangle I am solving.



3. Energy

Energy is the capacity to do something. You can recognize it around you because energy in large amounts (a
precariously balanced boulder, a fast-moving train) is frightening. Every object has some sort of energy,
depending on its location and motion.

There are two main types of energy of interest to us in physics: kinetic energy, which is energy that
something has because it is moving, and gravitational potential energy, which is energy that an object has
because it is lifted above the ground.

The Law of Conservation of Energy says that the total amount of energy in a situation always stays the
same. Energy can, however, change form while still belonging to the same object, and it can be transferred
from object to object. Transfer of energy is called work, and takes place through a force between two
objects; the energy transferred is the force multiplied by the distance it is exerted over.

The law of conservation of energy and the definition of force as the rate of change of energy, are equivalent
to Newton's three laws. In other words, either set of rules requires the other to be true.

4. Rate of Change

Throughout mechanics, rate of change is the big important idea. Any time that a change in one variable is
connected to a change in another, I can find the amount that the first variable changes by for each change in
the other. This is called the rate of change. So, for example, if my position changes with time, I can find the
rate of change of position with time by dividing the change in my position by the time elapsed. We call the
rate of change of position velocity, and the rat of change of velocity acceleration.

When I plot a graph with my two variables on the axes, rate of change shows up in a very simple way on
the graph: it is just the slope, the rise over run of the line. I can find the average rate of change over any
period, or I can find the "instantaneous" rate of change at a given time by just finding the slope at that one
point.

Rate of change appears in other contexts as well. For example, if I know how the potential energy of an
object changes with its position, the force on the object is the rate of change of energy with position. If you
understand the rate-of-change relationships between the variables in mechanics, you know almost
everything you need to know, with the exception of a few specific equations.


