maximum angle of deflection

A moving particle of mass M collides perfectly elastically with a stationary particle of mass m < M.
Find the maximum possible angle through which the incident particle can be deflected.

Solution by Julien Clément-Cottuz:

The angle of deflection 0 is the angle of which the M particle is deviated. I choose (in order to
simplify the trigonometric calculus) the (X,y) axes so that the angle between x and the M direction is
0/2.
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v is the velocity before the collision and, v, and v, are the velocities of M and m after the collision.

Conservation of energy:

E=-M vzzéM vf—i—%mv; (1)

Conservation of momentum:
P =M vcos(0/2)=M v,cos(8/2)+mv,cos(B) (2)
P ,=—M vsin(0/2)=M v,sin(0/2)—mv,sin(B) (3)

From (2) and (3) you get two formulae for v2 and substitute them into (1):

Mcos(0/2)(v—v,)
mcos(p)

Msin(0/2)(v+v,)
msin(B)

M(V—v})=mvi=m| Il ]

Simplifying:
1=

M cos(8/2)sin (8/2) _ M sin(6)
m  cos(B)sin(B)  m sin(2p)

The deflection angle is maximum when sin(23)=1 (so B=n/4), and sin(6)=m/M.



