Q17: Hamiltonian Dynamics, Phys3355, Fall 2005, with solution 1

1 Simple Pendulum

A simple plane pendulum has a length I, bob mass m, and is in a uniform gravitational field, g. Use 6, the angle

the pendulum swings from equilibrium, as the generalized coordinate. Find (a) the Lagrangian L (9,9), (b) pg, the

momentum conjugate to 6, as a function of m, g, I, 6 and 6, (c) the Hamiltonian H (6, py), (d) Hamilton’s equation of

motion for py (pg =?), and (e) Hamilton’s equation of motion for 6 (6 =?).

* | 1.0 solution | *
L 240 ; L 240
L=T-U= Eml 0° +mglcos® = (a)|L (9,9) = Eml 0° +mglcos |. (1.1)
I, i -
po = 8— =mi*0 = (b)|ps =mi*0|. (1.2)
06
H = pg — L = mi*60 — (%mﬁé2 -+ mgl cos 9) (1.3)
We have from equation 1.2
be
=—=. 1.4
ml? (1.4)
So
H=imp (ﬂ)gz—m leosd = (c)| H (0.po) = 2b — mgicos (1.5)
27 \mi2 g TE 9 ’ '
H
Do = —%—9 = —mglsind = (d)‘pg = —mglsinf ‘ (1.6)
5 OH py 5 Do
0=—— 0=—1|. 1.7
Opg ml? (e) ml2 (1.7)




