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Force Graphs
Yesterday, we talked about the fact
that there is a rate-of-change
relationship between energy and force. The net force exerted
on an object tells me how much the total energy of that object
will change for every meter that it moves.

Rate of change is the central mathematical idea of physics, so
important that Newton invented a whole new type of
mathematics, Calculus, to deal with rate of change and related
ideas. As we discussed in the linear motion unit, all the
physics quantities we deal with either describe an object as it

is now, the motion of an object, or the change in its motion; rate of change is what bridges the gaps between
these levels.

Rate of change also has a graphical meaning. When I plot energy on the y axis of a graph and position on the
x axis, the slope of the graph is the force, the rate of change of energy with respect to position. If instead I
have a graph of force versus position, the change in energy between any two positions is the area between
the force graph and the axis in that position interval.

. 1 I start out with a total energy of 10 J, at a position of 1 m. I end up with a total energy of 90 J as I am
passing 5 m. What was the average force on me?

. 2 The diagram above shows all the relationships you need to solve any problem involving force, energy,
velocity, and acceleration. Just remember that while it is easy to convert within one row of the chart,
since the values on a row are different ways to say the same thing, going between rows requires that you
have two values for one row so that you can find a change (Δ).

a) A ball with a mass of 2 kg speeds up from 2 m/s to 8 m/s in 6 m. How much force did this take?
(Hint: Find the change in energy)

b) A ball with a mass of 2 kg speeds up from 2 m/s to 8 m/s in 3 s. How much force did this take?
(Hint: Find the change in velocity)



. 3 Fill in the Force graph based on the Energy graph.

You can find the slope for any
position interval where the
slope is constant, filling that in
as a horizontal line on the
Force graph. Then, connect
these intervals with straight
lines, since we assume that
force changes smoothly.

. 4 Fill in the energy graph based on the force graph. The energy at 0 m is 1 J.

Remember that the area
between the force graph and
the axis is the change in
energy, the thing to add to
energy over that position
interval.

. 5 Challenge: Elasticity (k) is the rate of change of force with respect to position. Fill in the graphs.


