Methods of Mathematical Physics
Workshop 2:  The Power of Force
A body subject to a constant force undergoes constant acceleration.  However, in practice, it is often not the force that is constant but the power being supplied (i.e. the rate of doing work is constant).  A constant supply of power to a moving body does not generally give it a constant acceleration.

Problem 1:  Motion Under Constant Power
a) If power P is supplied to a body of constant mass moving at speed v, what is the force acting on the body?

b) Is the rate of change of momentum constant?

c) Is the rate of change of energy constant?

d) At constant acceleration v increases linearly with time.  Show that at constant power v2 is linear in time

Problem 2:  The Channel Tunnel Shuttle
The shuttle trains that run from Dover to Calais through the Channel tunnel have a total weight of 2500 tonnes and can draw 11 MW of electrical power.  Assume that the power drawn is a constant 11 MW while the train is accelerating from rest up to its running speed of 140 km/h and ignore frictional loses.  (In face, the accelerating from rest at constant power is an unrealistic assumption.  It would require an infinite initial acceleration hence an infinite initial force.  The initial force is limited in practice by wheel spin.)

a) Determine how the acceleration of the train depends on its velocity.

b) Determine how the velocity depends on time and hence the time taken to reach the running speed.

c) Determine how the velocity depends on distance.  Hence what is the distance needed to reach the running speed?

d) Compare the above quantitities for a train which accelerates under a constant force that is equal to the time-average of the real force.

Problem 3:  Drag Racers
In a drag race the competing cars accelerate from rest oer a straight course a quarter of a mile long and the one with the highest terminal speed wins.  R. Huntingdon discovered the empirical law that

terminal velocity α (maximum power output of the car)1/3.
Show that this rule is consistent with acceleration under constant power.
