Methods of Mathematical Physics

Workshop Week 1:  Newtonian Games

The following examples illustrate the use of conservation laws in dynamical problems in which there are no dissipative forces.  In this tutorial the relevant laws are conservation of mechanical energy and conservation of linear momentum.  Conservation laws apply to isolated systems and are useful when motion is transferred from one part of the sstem to another.  In problem 3 the system is not strictly isolated but we can treat it as such in a sufficient approximation.  The moral is simple:  dynamics problems are difficult; always begin by asking if anything is (or can be considered to be) conserved.
Problem 1:  Atheltic Records
The year is 2100 and the pole vault record stands at 7.5 m.  Estimate the world record for the 100 m sprint at this time.

Problem 2:    
What is the minimum radius of a spherical asteroid on which it would be safe to hold the inter-planetary Olympic high jump(or long jump i.e. from which an earthling cannot jump to infinity)?  You may assume that the density of an asteroid is 2*103 kg/m3.  The world high jump record is currently 2.4 m.
Problem 3:  Improve your golf

a) When a golfer strikes a golf ball the ball and clubhead are in contact for a time of about 0.5 ms.  The shortness of this time of contact means that linear momentum of the ball and clubhead is conserved during collision despite the fact that the clubhead is attached via the clubshaft to the golfer.  Explain this.

b) Why is the contact time between the ball and club largely independent of the strength of the blow?

c) A golfer wants to increase the length of his drive.  Should he (i) endeavour to swing the club say 10% faster or (ii) choose a club with 10% more mass in its head and try to maintain his usual clubhead speed?

d) Would using a club that is 10% longer in the shaft be a better solution than either of the above strategems?

The mass of a golf ball is 0.046 kg and the typical mass of a golf club head is 0.2 kg.

Problem 4:  Snooker insights

A useful rule of thumb for snooker players is that after a moving ball has made a glancing  collision with a stationary ball the angle between their diverging paths is 900.

a) Show that this rule is a consequence of the consevation of linear momentum and conservation of energy.

b) Why is the rule likely to be violated to some extent in practice?
