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By Robert Taylor, David Brook, Tristan Jenkinson, Andrew Siddorns, and Ben Kermode

Introduction

At the start of this investigation we were asked to look at the interaction between balls during a snooker shot. We were asked to pay particular attention to the following problems:

i. Showing that after an oblique collision, the velocity components of the ball, which is being hit by the cue ball, are at right angles to each other.

ii. Find an expression for the resulting error in the path of the ‘hit’ ball, after an initial error is made when aiming the cue ball.

iii. To find the position on the cue ball that should be struck to ensure that the cue ball spins immediately.

iv. Show that the path of the cue ball is initially a parabola when the ball is spinning.

In all of the above problems, we are going to assume that the mass and radius of the balls are the same. In addition, the cue ball will be struck towards the second ball, which is at rest.

Problem I

When the cue ball is struck, it will move towards the second ball with a velocity v, and if aimed correctly, will hit the second ball. When the second ball is struck, its motion is dependant on a few key factors. Firstly, the angle made by the line joining the centres of the two balls will be the projected path of the second ball. Secondly, using the conservation of energy principle, we can determine that the energy before the collision is equal to the energy before the collision. Thus, as we know the energy before the collision, this is a limiting factor for the motion of the second ball, as we know what the energy of the second ball must be.

We are going to assume that there is no friction, and no energy is lost in the collision, i.e. the collision is perfectly elastic.
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As you can see, there are two angles, andWe aim to show that the sum of these two angles is 90o or   . We are going to do this, using the principle of conservation of energy.
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Proof,


(1/2)mv2 = (1/2)mv12 + (1/2)mv22

By cancellation we get

v2 = v12 + v22


So, by Pythagorus’ Theorem, the angle between v1 and v2 must be 90o, thus, +90o

Problem II
Suppose that an error, , is introduced into the direction in which the cue ball is struck. Further suppose that  is small, so that sin = and all powers of  greater than or equal to 2 are negligible. As a result of this, cos =1.
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We apply the sine rule to this triangle, which gives,

sin(sin((90)))
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We can rewrite this using trig. identities to get a quadratic equation for sin . We solve this using the quadratic roots formula, to give sin  as:
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where  A represents the constant below,

We have taken the negative sign before the square root, as if we take the positive sign we get an answer which is practically incorrect. (For a full derivation of this formula see appendix 1.)

There is a limiting condition on  (the direction in which the ball is aimed). The equation for A must have a real solution as the balls will not hit each other if it does not. Also, if the equation for sin  does not have a real solution, again the balls do not meet.

Digression: The “Plant” Shot

Consider two balls which are:

1. at rest.

2. close together (i.e. l is small).

3. their line of centres is into a pocket (as shown in the diagram below).
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Now, the ball closest the pocket will be struck by the other ball, which is initially at rest, and will be potted. This will occur no matter how big  is as the error in the angle at which the ball leaves the first collision, will have no effect, due to the separation been small.

To show this, we multiplied the expression for sin  (above) through by l2. We then let l0. As a result, sin 0. This shows that for a small separation, the error would be zero. So, the “plant” shot would be successful.
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Problem III

When the ball rolls immediately, friction does not act on the ball. So, the only force acting on it is the one applied to start the ball moving.

So, applying the 2 equations in the x direction gives,



2mR2=aF


F=m dv
5 dt

We also have v=r, which gives dv=R d




         dt
     dt

Using this, and the original two equations leads to a=2R.
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Thus, to make the ball spin immediately it must be struck 2 of the way up from the centre.
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