fmng.uk

STEP, Collisions - Q8 (11/6/23)

A snooker ball is hit towards a cushion, with speed v, in such a
way that it hits each of the four sides of the table. The coefficient
of restitution between the ball and the cushions is e. Investigate
the speed and direction of the ball.
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(a)(i) Referring to the diagram, when the ball is at A (travelling

towards the 1st cushion), its velocity vector is (zi:;;g), and the

gradient of its path is cot#6.

(ii) When the ball is at B (travelling towards the 2nd cushion), its
—evsinf

N ), and the gradient of its path is

velocity vector is (

1
—=cot6.
e

(iii) To find the relation between 6 and ¢:
(a) See note on Oblique impacts, which shows that tan¢ = etan6

(b) This can be verified by considering the slope at B:

evsinf

= etanb
vcosO

tang =
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(¢) A more complicated approach is:

(_s:(f;ze)(g) _ vcosO cos0

we2sin20+cos20(1) wvVeZsin20+cos20  VeZsin20+cos20

cosp =

N cosqu _ cos?6 _ 1
e?sin20+cos26 e2tan?6+1

= e’tan’0 + 1 = sec’¢ = tan’¢ + 1
= e’tan?0 = tan’¢

= tang = etanb (ase > 0and 0, ¢ < 90°)

(iv) When the ball is at C (travelling towards the 3rd cushion), its
—evsinf

—evcose)’ and the gradient of its path is cotf.

velocity vector is (

So the path at C is parallel to that at A; ie it has turned through
180°.

It follows that a« + f = 180° (from the properties of parallel
lines).

(v) The speed of the ball at C is \/(—evsin8)? + (—evcosf)?

= ev

(vi) To find an expression for y:

y+ B+ (90—-¢) =180
>y=90—-B+¢p=90—-(180—a) + ¢
=a+¢—90
=(180—-0—¢)+ ¢ —90



fmng.uk

90 -6

(vii) When the ball is at D (travelling towards the 4th cushion), its
e?vsind
—evcosf
— é cotf. So the path at D is parallel to that at B.

velocity vector is ( ), and the gradient of its path is

(viii) When the ball is at E (travelling away from the 4th cushion),

e2vsinb
e2vcosh

cotf. So the path at E is parallel to that at A.

its velocity vector is ( ), and the gradient of its path is

(ix) The speed of the ball at E is e?v.



