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Momentum Conservation
In physics, there are many ways to measure the motion of an object, each of which is
useful in a different way. Velocity tells you how far an object will move in a given
time. Kinetic energy will tell you how dangerous an object is and how much work it is able to do. Today we
introduced momentum, which measures how hard something is to stop. When you think about momentum,
think about being knocked backwards by a collision with a heavy object like a football player, or a fast-
moving object like a bullet. The variable p stands for momentum, and it is found by multiplying mass and
velocity:

Momentum is a special quantity in physics because, like energy, it is conserved. The total amount of
momentum, among all objects in some situation, will never change. You can think of a conserved quantity as
being like money - it is passed around from object to object, but not created or destroyed.

So, for example, suppose Mr. Z. is standing at the front of the classroom and a football player slams into him.
Mr. Z. will start moving, meaning that he has gained momentum; this means that the football player has lost
momentum, has given some of his momentum to Mr. Z.

Momentum also has direction, like velocity. It can be positive or negative depending on whether the object is
going to the right or the left. So, for example, if I fire a gun, I started out with no momentum, and gave the
bullet a lot of momentum in one direction; in order for momentum to be conserved, I must be kicked back in
the opposite direction.

. 1 Suppose that a football player (90 kg) running at a speed of 5 m/s, runs into Mr. Z. (60 kg), who is
standing still. The football player continues moving, pushing Mr. Z. forward as well.

a) What was the momentum of the football player before the collision? What about Mr. Z.?

b) What, according to the Law of Conservation of Momentum, is the combined momentum of the two
after the collision?

c) What is their velocity after the collision?

d) How much of his momentum did the football player give to Mr. Z.?



. 2 A cannon fires a 10 kg ball at 250 m/s.

a) What is the momentum of that ball?

b) Suppose that the cannon has a mass of 500 kg. How fast will it recoil?

This is why, if you've seen cannons on ships like Old Ironsides or in movies, there is a long track behind the cannon for it to roll
back into after it fires. If you tried to fix the cannon in place by nailing it into the ship, it would recoil violently enough to
possibly tear itself loose.

. 3 Two cars get in a head-on collision. One, with a mass of 40 kg, is going to the right at 5 m/s. The other,
with a mass of 60 kg, is going to the left at the same speed.

a) What is the momentum of each car before the collision? Remember that momentum is positive or
negative depending on the direction.

b) After the collision, the two cars end up stuck together. In other words, they act like a single object,
which has the combined momentum of both and the combined mass as well. How fast is this fused
wreck now traveling?

. 4 Suppose that Mr. Z. wanted to block the football player in the first problem, running at him fast enough
that when they collided, both stopped. How fast would Mr. Z. need to be running?


