
Chapter 4. Collisions Between Particles §17 Problem 1.

§17 Elastic collisions

Problem 1.

Express the velocity of each particle after a collision between a moving particle (m1) and another
at rest (m2) in terms of their directions of motion in the L system.

Solution: To solve this problem, we need to use Fig. 16 of the book. First, using the law of sines,
the magnitude of the momentum of the second particle after the collision is

p′2 = OB
sinχ

sin θ2
= mv

sinχ

cos (χ/2)
= 2mv sin

χ

2
.

We get formula (17.5) of the book if we isolate the velocity

v′2 =
2m1v

m1 +m2
sin

χ

2
.

Second, using the law of cosines, we get

OC2 = AO2 + p′21 − 2AOp′1 cos θ1

⇒p′1 = AOcos θ1 ±
√
AO2 cos2 θ1 +OC2 −AO2

⇒v′1 =
m1 cos θ1 ±

√
m2

2 −m2
1 sin

2 θ1

m1 +m2
v1.

For the case where m2 > m1 we also get formula (17.5) of the book, but when m1 > m2, the radical may
have either sign. To summarize, the answer is

Answer to Problem 1.

v′2 =
2m1v

m1 +m2
sin

χ

2

v′1 =
m1 cos θ1 ±

√
m2

2 −m2
1 sin

2 θ1

m1 +m2
v1.
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