9/12/2005. Due: Wednesday, Sep. 21, 2005 (in class).

Physics 501: Classical Mechanics

Read: LL 5-10; G 2.6; JS 3.2.2
Special attention: LL problems in ch. II

Homework 2

Exercise 1

Show that the Lagrangian of a system of particles
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is Galilean invariant. Here vy = || and V0¥ (r) is a potential of a pairwise inter-
particle interaction.

Exercise 2 (JS 11, partial)

Consider are three-dimensional one-particle system whose potential energy in cylin-
drical polar coordinates p, 6, z is of the form V(p, k0 + z), where k is a constant.

a) Find a symmetry of the Lagrangian and use Noether’s theorem to obtain the
constant of motion associated with it.

b) Write down at least one other constant of the motion (e.g. energy).

*c) Can you give a “natural” example of a system with such a potential?

Exercise 3

Consider a three-dimensional one-particle system whose potential energy in Carte-
sian coordinates is V(x,y, z) = A cos(x — 2y) + Bsin(y + 3z) + C cos(x + 6z), where
A, B,C are constants.

a) Find a symmetry of the Lagrangian and use Noether’s theorem to obtain the
constant of motion associated with it.

b) Write down at least one other constant of the motion (e.g. energy).

Exercise 4

Consider a three-dimensional one-particle system whose Lagrangian is given by
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where B is a constant vector (magnetic field).

a) Find at least on symmetry of the Lagrangian (other then energy) and use
Noether’s theorem to obtain the constant of motion associated with it.

b) Write down the expression for a conserved energy of the system.

Exercise 5

Consider a particle of the mass m moving on a hyperbolic plane. One can think of
the hyperbolic plane as of a unit disk u?+v? < 1 (disk model of a hyperbolic plane)
with the metric

du? + dv?
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a) Write down the Lagrangian of this particle.

b) Find the expression for the conserved energy in the problem.
c¢) Find the Lagrangian and the energy of the problem in “polar” coordinates r,

di* =

U = TrCcoso,

= rsin¢.

d) Find the integral of motion (angular momentum) corresponding to the rota-
tional symmetry of the Lagrangian.

e) Using the results of ¢) write down the first order differential equation of motion
for r(t).

*f) Show that this Lagrangian (metric) is invariant with respect to the symmetry
PR
1 — za*
where z = u +iv, 0 < o < 27, and |a| < 1.

*g) Real a and complex a define three parameter symmetry group of the problem.
Find three integrals of motion corresponding to those parameters.



