Setting up a system of equations

Suppose ball M has a velocity of v, before the collision and a velocity of vy, after the
collision, and that ball m has a velocity of vy, after the collision.
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The collision will result with conservation of momentum in both the x and y dimensions
and kinetic energy. Thusly:
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Then, we can write:
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Solving for v,, and v, in terms of v,

Taking the second equation, we find: v,, =V, %sin @pcscl
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Then, substituting this into the first: v, = (vm Vsm @Csc 6’} Cosé+v,, Wcow

We can rewrite this as: v, =v,_ %sin(&%gp)csc@ >v, =VOMCSC(9+(0)Sin6’
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Now, to find vy in terms of v by substituting for vp:
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Finally, substitute these two into the energy equation:
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Solving for @ in terms of ¢
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We can factor out v2 and manipulate to come out with: sin?(8 + ¢) = sin? ¢ + —sin? 6
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Again rewriting:
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Using some more trigonometric relations, we can get to:
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We can factor out a sin @ and divide by cosé , which will result in:
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And, finally: 6 = tan™| —————
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Finding the maximum value

To find the maximum value, we’ll find the critical point:
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For this to be true, then cos2¢ = % and sin2¢p =,|1— [%J

So: 6, =tan™ M >0 =tan _ m/M
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We can write this more elegantly as
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