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Phys 605. Homework 9 Ud v {
<ol nS

Due 5pm, Friday, November 14, 2008 W

Problem 9-1: [10 pts] A Hamiltonian-like formulation of classical mechanics can be obtained by performing a
double Legendre transformation from the Lagrangian L(g, ¢, t) to a new “Hamiltonian” G(p, p,¢) where p and
# are independent variables.

{a) Show in detail how to construct G(p,p,t), and derive the corresponding “Hamilton’s equations of motion.”
that follow from G. [Hint: note that the Lagrangian formulation defines dL/8¢; = p; and Lagrange’s
equations can be written as 8L/8q; = p;.)

(b) Demonstrate that your new Hamiltonian-like formulation works by applying it to a one dimensional has-
monic oscillator consisting of mass m attached to a spring of spring constant k. Use the new formmlation
to the equation of motion. [That is: Find the Lagrangian first, then find the function G {from part (a)).
Then show that the equations of motion obtained from G lead to the well known equation of motion for
the simple harmonic oscillator and that the form of & implies h = T'+ V' = constant of motion |

Problem 9-2: [20 pts] A particle of mass m moves in three dimensions under the influence of a central force
with potential V(r). Using standard spherical polar coordinates (r, 8, ¢) as generalized coordinates:

{a) Find the Hamiltonian for this system.

{(b) Use the Hamiltonian to identify at least two constants of motion.

(c) Write Hamilton's equations of motion for this system.

{d) Show that Hamilton’s equations lead to the Lagrange equations obtained from your Lagrangian.

Problem 9-3: [10 pts] Show that the motion in phase space (g,p) specified by the equations

¢=psing- ¢ cosp
p=—(pcosg-+sinp),

is not described by a Hamiltonian function.
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