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Collisions and Explosions
Momentum, like velocity has not only a size, but also a direction. In the homework
yesterday, we saw that, for example, positive and negative momentum, momentum
tot he left and to the right, can add up to make no momentum at all, because one is negative and the other
positive.

If we extend the idea of momentum into more directions, which is the natural next thing to do, a momentum
can be represented by a vector. In case you have forgotten from the start of the year, a vector is a
displacement in two or more directions, a number that says, "Go this far in the x, and this far in the y." We
write a vector using the symbols  and  to stand for the x and y directions; so, 4  - 3  means a vector that
goes over 4 to the right (adding 4 to the x coordinate) and then down 3 (subtracting 3 from the y coordinate).

So, for example, in the collision shown here,
the bigger ball has a mass of 4 kg, and the
smaller a mass of 2 kg. They have momenta,
before the collision, of 16  + 8  and -6  +
12 , for a total of 10  + 20 .

After the collision, the bigger ball has a
momentum of 4  + 8 , meaning that the
other must have a momentum of (10  + 20

) - (4  + 8 ) = 6  + 12 , or a velocity
of (6  + 12 ) / 2 = 3  + 6 .

. 1 A 12 kg deep-sea fish is carried up to the surface of the ocean by a rogue current. As it is flung up
into the air (with an upward velocity of 30 m / s) it explodes due to overpressure.

a) What is the momentum of the fish prior to explosion?

b) Two pieces of the fish have the momenta given below. Identify
these two pieces in the sketch to the right, then find the momentum
of the last piece.

p1 = (200  + 400 ) kg m/s

p2 = (-100  - 200 ) kg m/s



The mysterious exploding cane toad

. 2 Two cars collide at an intersection and stick together.

a) What is the vector form of each car's momentum
before the collision?

b) What is the vector form of the two cars' velocity after
the collision?

. 3 In a certain small pond in Hamburg, in April of 2005, thousands of
toads would for some reason crawl out of the pond in the middle of
the night, swell to three times their ordinary size, and explode,
propeling pieces of them as much as a meter into the air.

Suppose that you are a researcher trying to collect toad remains. You
find two pieces of the toad, one of which went directly north with a
momentum of .4 kg m / s, and one which went directly east with a
momentum of .2 kg m / s. Now you're looking for the remaining
piece. What was its momentum vector?
You can assume that the toad was initially at rest and that
momentum was conserved.

. 4 A 40 kg child traveling across ice at a velocity v = (-2  + 3 ) m/s hits another child, with a mass of
60 kg, who is traveling at v = (3  - 2 ) m/s. They grab on to each other.

a) What is their velocity after the collision?

b) Draw this situation, showing both the starting and ending velocity vectors.


