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Linear Motion Equations
We started out this section wanting to find a methematical expression of the fact
that velocity tells me how position is changing and acceleration tells how velocity is
changing. We found that "change" in mathematics just means subtraction: Δs = sf - si, where Δ stands for
"change in", i stands for "initial", and f stands for "final". In order to capture the idea of change happening
at some rate over time, we used the idea of rate of change, defining velocity as change in position divided
by change in time, and acceleration as change in velocity divided by change in time.

In order to be able to find an equation that would tell us how far an accelerating object goes, we next
introduced the idea of "average velocity." Instead of trying to account for every little variation in speed, we
use an average. When the object is accelerating, this average velocity will be right between the start and end
velocities, provided that the acceleration is constant during that time.

The three equations above are all that you ever really need for linear motion problems, if you're willing to
do some mathematical work and follow through many steps. But sometimes it's convenient to have an
equation that combines some of the above equations. Using what we know about symbolic manipulation
and substitution, we can join those equations to produce two more equations:

When you are problem-solving with these equations, by far the most important step is to correctly identify
what variables you have, and what you want. Remember that you have to identify what sort of variable it is,
and whether it is initial, final, change in, or average. Usually the variable type is easy to find out: just look
at either the units or the name of what you were told. To figure out when it was measured, look for words
like "start" and "end", "from" and "to", etc. Also be aware that phrases like "started from rest", "came to a
stop", "reached the top of its flight", and so on are sneaky ways to say that a velocity is zero.

. 1 At a time of 0s, I was at 0m. At 4 s, I was at 12 m. By 8 s, I was at 33 m.
a) Using the rate of change equation, what was my average velocity for the first four seconds? The
second four?

b) Again using just rate of change, find my acceleration.
(Hint: At what time during those four seconds was I actually going at the average velocity?)

c) Suppose that I decided to define a new quantity, called "moxie" (x), which is how fast acceleration
is changing. Write a rate-of-change equation for moxie.



. 2 I travel 200 m with an average velocity of 5 m/s. How long does it take me?

. 3 If I have an average velocity of 4 m/s in a time period where my change in velocity was -10 m/s,
what were my start and end velocities?

. 4 The world record for the 100 m dash is 9.77 s, set by Asafa Powell of Jamaica. Assuming that he was
accelerating at a constant rate the whole time, what was that acceleration?

. 5 I start out going forward, but, accelerating at a constant pace, I end up 20 m behind where I started
after 10 s. What was my final velocity?

. 6 An athlete doing the long jump can accelerate to 10 m/s in a distance of 25 m. What is his
acceleration?


