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Linear Motion Equations
The key to being able to remember and use the
linear motion equations is to understand that
they all make sense: they are not arbitrary formulas, but expressions
of very simple and intuitive mathematical relationships. The basic five
equations merely state that:

. 1 A change, or difference, is found by taking how much of something
you have now and subtracting the amount you started with.

. 2 The rate that something is changing at is found by dividing the
amount of change by the time it took.

. 3 An average of two things is found by adding them up and dividing by
2.
The last equation is less intuitive looking, but we know we can trust it
because it just follows mathematically from combining the equations
we have.

The new complication we introduced today is a reminder of
something we talked about earlier in the year: if I intend to use a

number in a physics equation, its units must be some combination of kg, m, and s. So, as I am collecting
my "haves" from the problem, I will use factor-label conversion on any that are the wrong sort of units.

Example: I am driving my down the highway at 60 mph when a crash occurs 150 ft in front of me. If my
car can brake at a rate of -8 m/s², can I stop in time?

,
a = -8 m/s², vf = 0 m/s
Δv = vf - vi = 0 m/s - 26.8 m/s = -26.8 m/s
Δt = Δv / a = (-26.8 m/s) / (-8 m/s²) = 3.35 s
vavg = (vi + vf) / 2 = (26.8 m/s + 0 m/s) / 2 = 13.4 m/s
Δs = vavgΔt = (13.4 m/s)(3.35 s) = 44.9 m
Yes, I will stop about 1.3 m from the accident.

If you find that you don't know a conversion factor that you need for this homework, look it up! All this
information is easily available in the assignment books that some of you carry, in textbooks, or online.
Really, at this point you should have memorized most conversion factors you will need.

. 1 Answer this question using common sense rather than equations. 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 vi and vf?
Think to yourself: I'm looking for two numbers, with a difference of 10, and 4 is halfway between
them.



. 2 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: The two "average velocities" you just found are for the middle of their time periods: 2 s and
6s, respectively)

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 defining moxie.

. 3 A normal car can accelerate at roughly 2 m/s². If I start out going just 18 km/h and accelerate for 10 s,
how far away will I have gone by the end of that time?

. 4 The Bunker Hill Monument is 221 ft high. If I drop a bean bag from the top of it, how long will it
take for the bean bag to hit the ground?

. 5 A snail is crawling along with an average velocity of 20 cm/min. If it is at the 3 m mark now, where
will it be in five minutes?


