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A collision problem.

Karl’s studying for his grade 12 physics final, and I picked out some problems from his text [1] for him
to work on. Here’s one, fig. 1.1, that he made a numerical error with.

6. Balll has; mass of 2.0 kg and is s_usperfded witha30my
rope from a post sO that the ball is stationary. Ball 2 hag
a2 mass of 4.0 kg and is tied to another rope. The second
rope also measures 3.0 m but is held at a 60.0° angle, as
shown in Figure 7. When ball 2 is released, it collides,
head-on, with ball 1 in an elastic collision.

(a) Calculate the speed of each ball immediately
after the first collision.

(b) Calculate the maximum height of each ball
after the first collision.
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Figure 1.1: The collision problem.

I solved this two ways, the first was quick and dirty using Mathematica, so he could check his answer
against a number, and then while he was working on it, I also tried it on paper. I found the specific
numeric values annoying to work with, so tackled the slightly more general problem of an object of
mass m; colliding with an object of mass m; initially at rest, and determined the final velocities of both.

If we want to solve this, we start with a plain old conservation of energy relationship, with initial

potential energy, equal to pre-collision kinetic energy

migh = %mlvz, (1.1)
where for this problem h = 3 — 3 cos(7/3) = 1.5m, and m; = 4kg. This gives us big ball’s pre-collision

velocity
v =/29my. (1.2)



For the collision part of the problem, we have energy and momentum balance equations

lm v? = 1m 0% + lm 03
o 1Y T T TR (1.3)
mi10 = mq01 + mMp0y.
Clearly, the ratio of masses is more interesting than the masses themselves, so let’s write
mq
=—. 1.4
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For the specific problem at hand, this is a value of u = 2, but let’s not plug that in now, instead writing
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Completing the square gives
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Our second velocity, relative to the initial, is
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The post collision velocities are
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but we see the equations describe one scenario that doesn’t make sense physically, because the positive
case, describes the first mass teleporting through and past the second mass, and continuing merrily on
its way with its initial velocity. That means that our final solution is

01 = l/ll -1
7‘ (1.12)
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For the original problem, that is v; = 2v/3 and v, = 4v/3, where v = 1/2(9.8)1.5m/s.
For the post-collision heights part of the question, we have
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where i = 1.5m.
The original question doesn’t ask for the second, or Nth, collision. That would be a bit more fun to try.
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