
LECTURE 29:  Non-conservative forces and work

WARM UP:  Why 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 deal with 
them when doing an energy analysis on a system.  Now we will look at internal and external non-conservative 
forces.  The most common non-conservative force we will look at is friction.  Remember, a conservative force 
results in work that is not dependent on the path the object takes.  Thus, non-conservative forces result in work 
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 coefficient 
of kinetic friction between the box and the table being µk.  If we push the box to the right by some distance d, 
then push the box back to the same initial location, what is the total work done by friction?

Notice how the work done by friction on the box as it moves from its initial location through some path, 
then back to its initial position is not zero.  This means the force of friction is a non-conservative force, and 
the work done by this force is non-conservative work.  What does this mean for us?  Well, it means that 
anytime you see a frictional force acting on your system (or within your system), you must do the full 
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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.  When 
the frictional force is internal to a system we will introduce a subtle change in analysis.  So let's take a look 
at an example and analyze it both ways so we can see the differences and similarities.  

EXAMPLE:  A box of mass m with an initial speed of v0 slides across a table until it comes to a stop due to 
friction between the box and the table.  a)  Consider a system that includes just the box as it slides to rest, 
construct the work energy equation for this system.  b)  Consider a system that includes the table and the 
box, construct the work energy equation for this system.  

Go through the above example carefully.  Note that we are introducing a new term here, thermal 
energy (Eth).  In this case, it is the change in thermal energy that appears.  We will cover thermal 
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 analyses are 
describing the same scenario, thus the change in thermal energy must be equal to the work done 
by friction.

With the following definition we can now interpret the two different energy analyses above.  Part 
a is interpreted as follows:  The kinetic energy of the system (the box) is lost due to the work that 
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 + table) 
system, we therefore call this internal friction work a "change in thermal energy".  This is another 
example of internal energy transformations, kinetic energy was transformed into thermal energy.  
This means that the thermal energy of the box and the table both increase by some amount, not 
necessarily the same amount of they are made out of different material.

Some, but not all, of the non-ŎƻƴǎŜǊǾŀǘƛǾŜ ŦƻǊŎŜǎ ǿŜ ƴŜŜŘ ǘƻ ŎƻƴǎƛŘŜǊ ŀǊŜΧ

ΧŀƴŘ ǿŜ ǎƘƻǿŜŘ ŀōƻǾŜ ǘƘŀǘ ƛŦ ŦǊƛŎǘƛƻƴ ƛǎ ƛƴǘŜǊƴŀƭ ǿŜ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǿƻǊƪ ŘƻƴŜ ōȅ ŦǊƛŎǘƛƻƴ ŀǎ ŀ ŎƘŀƴƎŜ ƛƴ 
thermal energy.  Normal forces and push forces that are internal will be dealt with in a practice problem 
below.
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PRACTICE:  A constant force of wind acts on a box of mass m that initially starts at rest and slides across 
a frictionless surface until it comes to a rest at some height h above the ground level as shown in the 
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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