
Setting up a system of equations 
 
Suppose ball M has a velocity of v0 before the collision and a velocity of vM after the 
collision, and that ball m has a velocity of vm after the collision. 
 

 
 
The collision will result with conservation of momentum in both the x and y dimensions 
and kinetic energy. Thusly: 
 

∑∑ = xfxi pp   ϕθ coscos0 mM mvMvMv +=  
 

∑∑ = yfyi pp   ϕθ sinsin0 mM mvMv −=  
 

∑∑ = fi KK   222
0 2

1
2
1

2
1

mM mvMvMv +=  

 
Then, we can write: 
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Solving for vM and vm in terms of v0 
 

Taking the second equation, we find: θϕ cscsin
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We can rewrite this as: ( ) θϕθ cscsin0 +=
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Now, to find vM in terms of v0 by substituting for vm:  
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Finally, substitute these two into the energy equation: 
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Solving for θ in terms of φ 
 

We can factor out 2
0v  and manipulate to come out with: ( ) θϕϕθ 222 sinsinsin
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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 θsin and divide by θcos , which will result in: 
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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 
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We can write this more elegantly as 
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