
Beiser Chapter 12 Exercise 49

Question

Nuclear Reactions: An alpha particle collides elastically with a stationary nucleus and continues on at
an angle of 60◦ with respect to its original direction of motion. The nucleus recoils at an angle of 30◦

with respect to this direction. What is the mass number of the nucleus?

Solution
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Taking m and M as the respective masses of the α particle and nu-
cleus, with u the initial velocity of the α.

Conservation of momentum

mvα = mucos60 → vα =
u

2

MvN = mucos30 → vN =
mu

√
3

2M

Conservation of energy

1
2mu

2 = 1
2mv

2
α + 1

2Mv2N

mu2 = m
u2

4
+M

3m2u2

4M2

3m

4
=

3m2

4M
m =M

Hence the mass of the nucleus is the same as that of the α particle, its mass number is 4.
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