Cruestion 3

{a) A dynamical system may be represented either in (g, plepace. in terms of a
Hamiltonian function Mg, p.t), o in L. J-space, in beros of a Lang;an.gian
function Lig.q.t). Explain the connection between the two representations,
include in your explanation a geometrical deseription of the relationship b=
twoen the coordimates. How ishe Hamiltonian found when the Lagrangian i
known !

{b) Show that

aL. i
at ot
{e}  Find the Hamiltonian eorresponding 1o the Lagrangian
Ligigt) = 1—,.1? - flyg+ B
wheere b is a positive constant. flr] an arbitrary function aml where flg & fel i
i the valoe of this function evaluated al r =g + M.

{d) By defining a new generalised coordinate (0 =g + Bt find a time-dependent
cannmical transformation which converts the Hamilioman found in part {<}
inty the conservative Hamiltonian

KIQ.P) = HE+ 57 + fle)

(e} Forthe case f{r] = %:1 solve Hamilton's equations formed from & and hence
fineel it}

Question 4

{a] Show that the F} generating function for the time-dependent ranonical trans-
{formation

g =Qeost + Psind, p= ~Q st + Feost
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(b} Verify
aF; ;
L o R g
I_'" ] ['r + Q ':l [
and hence show that the Hamilionian
Hig,pd= % {1':'3 + g} 4+ g
is transformed o
RO Py =« [freost + Psinty®
ie] If |2} is small provide an argument to justify replacing & by its average over

thes L intecval {0, 2x), and show that thig average i

Ro=tel@h+ PY

{d) By solving for this mean motion ohiain an approximation expression for git).

[sing vour selution describe how this smotions diffess from that with = =1

Hint: in part (d] vou may find it helpful to use the angle-action wariables

) = V2l mnd, P = 2T cosd.
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