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Rate of Change
Now that we have a good idea of what we mean by "velocity" and "acceleration," it
is time to start defining these things in terms of equations instead of just graphs. An
equation will never be as useful or informative as a graph, but it's a whole lot easier to deal with if all we
need to do is put together a few numbers to get an answer.

We know that velocity describes how position chages over time, and that acceleration describes how
velocity changes over time. In order to make this into an equation, we need to decide what "change" and
"rate of change" mean mathematically.

Using the symbol "Δ" to mean "change in" and the subscripts "i" and "f" to
denote the "initial" and "final" value of a variable, we define the change in
something to be its final value minus its initial value, and the rate of change of
one thing with respect to another to be the change in one divided by the change
in the other:

The idea of change and rate of change is the central mathematical concept in
physics. If you can understand how this idea works, and how it relates to the
slope of a graph, you know almost all the math you will need for the first half of this class. We will revisit
rate of change when we talk about energy and force, and again when we talk about momentum.

. 1 I start out at 3 m and move to 9 m. What variable names should I use for those two numbers, and
what was the change?

. 2 I start out going at 5 m/s and slow to a stop. Figure out what in that statement are my vi and vf, and
then find Δv and aavg.

. 3 I went from 2 m to 8 m in 3 s. Write down what variables this tells you, and find my average velocity.



. 4 My car gets on the highway going 15 m/s and speeds up to 30 m/s. In the time this takes, the track
time on my CD player has advanced from 2:32 to 2:37. Find my Δv, Δt, and acceleration.

. 5 In the first two seconds of flight, a rocket travels 4 m. Thirty seconds later, in the last two seconds of
flight, it travels 124 m.
a) Find the average velocity at the start and end of the flight.

b) Treating these as the start and end velocity, find the acceleration during the flight.

. 6 Rate of change relationships will show up between other physics quantities as well. Suppose I tell you
that in pushing a crate up a ramp from a postion of 10 m to 25 m, I increase its energy from 20 kg
m²/s² to 80 kg m²/s².
a) What is the rate of change of energy with respect to position? (Don't forget units!)

b) What sort of thing is that (the units)?

. 7 It takes 4 s for a football player to increase his momentum from 300 kg m/s to 500 kg m/s.
a) What is the rate of change of momentum with respect to time?

b) What sort of thing is that?


