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Momentum and Force
Suppose that I want to figure out how to get force from momentum. Looking just at
the units, I would think that the relationship is something like F = p/t. But there's
trouble here, because time never appears by itself in an equation; it only makes sense to look at the change
in time. In fact, since force is a measure of change in motion, and momentum is a measure of motion, in
order to relate the two I need a rate of change equation:

So, for example if an object has momentum of 50 kg m/s at time t = 3 s, and at time t = 5 s it has
momentum 80 kg m/s, then I can say that there must be a force acting on it, because its momentum has
changed over time. The size of that force is the amount of change in momentum per second: Δp = 80 - 50 =
30 kg m/s, Δt = 5 - 3 = 2 s, so F = 30 / 2 = 15 kg m/s².

I can of course use this same equation backwards: if I push on something for a given time, I will end up
giving it momentum. Also, because force and momentum are both vector quantities, numbers that have
direction, I can do this same equation with  +  vectors for force and momentum.

. 1 A shopping cart, empty, has a mass of 15 kg.
a) Suppose I speed up the shopping cart to 5 m / s. How much momentum will it have?

b) If it took me 3 s to speed up the cart by that much, how much force was I exerting?

c) Suppose I load up the cart with 10 kg of groceries, and exert the same force on it for the same time.
What will its final momentum be? What will its velocity be?

d) How much time would it take to stop the cart, exerting the same amount of force?

e) How much momentum will the cart gain, starting at rest, if a 10 N force is applied to it for 15 s?

f) How fast will it be going?



. 2 An 80 kg football player is running at 4 m/s to the right when he is tackled by another player, 120 kg,
going at 6 m/s to the left.

a) Find the starting momentum of each player.

b) Once the two players have collided and are stuck together, what is their velocity?

c) How much momentum did the first player give to the second?

d) If this collision took .1 s, how much force did each player feel?

e) Suppose that the second player, as he was being tackled, were to relax, so that the collision took
longer, .2 s instead of .1. How much force would each feel now?

In football, players are advised to relax when being tackled to minimize injuries. This is also why someone who falls asleep
while driving and hits a tree is often less badly injured then they ought to be.

. 3 A 2 kg object traveling with a velocity vector v = (3  - 7 ) m/s hits a 3 kg object which is moving
with a velocity vector v = (3  + 3 ) m/s. If the whole collision takes .6 s, what is the force vector on
the first object?
(In order to do this, you will have to follow through the same procedure you did in the previous problem, but with vectors this
time.)


