LECTURE 29: Noaonservative forces and work

Select LEARNING OBJECTIVES:

i. Introduce the concept of ncoonservative work.
ii. Demonstrate the ability to relate the internal naxonservative work due to friction to an increase
thermal energy of a system.
iii. Introduce thermal energy.

TEXTBOOK CHAPTERS:

w Giancoli (Physics Principles with Applicatiofs 7 65
w Knight (College Physics : A strategic appro&th:3 10.5
w BoxSand :: Energyoétential Energy

WARM UPWhy do you think it is called gravitational potential energy?

So far we have talked about internal conservative force and external conservative forces and how to dea
them when doing an energy analysis on a system. Now we will look at internal and exterramsanvative
forces. The most common naronservative force we will look at is friction. Remember, a conservative forc
results in work that is not dependent on the path the object takes. Thusgcooservative forces result in worl
that isdependent on the path an object takes. Let's take a quick look at friction.

Let's consider a system consisting of just a box of mass m. This box sits on top of a table, where the co
of kinetic friction between the box and the table being if we push the box to the right by some distance ¢
then push the box back to the same initial location, what is the total work done by friction?
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Notice how the work done by friction on the box as it moves from its initial location through some pa
then back to its initial position 8ot zero. This means the force of friction is a raimservative force, and
the work done by this force is nezbnservative work. What does this mean for us? Well, it means tha
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https://boxsand.physics.oregonstate.edu/ph201/energy/potential-energy-fundamentals

anytime you see a frictional force acting on your system (or within your system), you must do the full
blown work analysis just like the analysis shown above.

When the frictional force is external to a system, then the analysis is exactly like the analysis above.
the frictional force is internal to a system we will introduce a subtle change in analysis. So let's take
at an example and analyze it both ways so we can see the differences and similarities.

EXAMPLEA box of mass m with an initial speed gf&lides across a table until it comes to a stop due t
friction between the box and the table. a) Consider a system that includes just the box as it slides 1
construct the work energy equation for this system. b) Consider a system that includes the table a
box, construct the work energy equation for this system.
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Go through the above example carefully. Note that we are introducing a new term here, the
energy (). In this case, it is the change in thermal energy that appears. We will cover ther
energy in much more detail in PH202, however for now it is sufficient to think about thermal
energy as something that is related to the temperature of an object or system. Both analyst
describing the same scenario, thus the change in thermal energy must be equal to the work
by friction.

AE™=-T) - o

With the following definition we can now interpret the two different energy analyses above. |
a is interpreted as follows: The kinetic energy of the system (the box) is lost due to the work
friction does on the system (the box). Part b is interpreted as follows: The work due to the
internal frictional force between the box and the table raised the temperature of the (box + te
system, we therefore call this internal friction work a "change in thermal energy". This is anc
example of internal energy transformations, kinetic energy was transformed into thermal ene
This means that the thermal energy of the box and the table both increase by some amount,
necessarily the same amount of they are made out of different material.
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thermal energy. Normal forces and push forces that are internal will be dealt with in a practice prc
below.
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PRACTICE constant force of wind acts on a box of mass m that initially starts at rest and slides ¢
a frictionless surface until it comes to a rest at some height h above the ground level as shown in
image below. Calculate the work done by the force of wind on the box from the initial to the final
location.
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