(a) The conservation of energy is given by

which simplifies into , so this equation describes a circle in the p-q plane with radius 
(b) It is given by , which shows that  is a constant function.
(c) We have, from  , that

where we have used the chain rule and the fact that  is a constant. From the equation above we see that  , which solves out to give  where  is determined by the initial condition. If it starts from rest, we have  which gives  . Thus, up to a  phase difference we may just take , so 
(d) (i) We have 

and 

(ii) We have

Put it back to results in (i) to get


