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Problem 1. Consider the Lagrangian

L =
1

2
ẋ 2
1 − ẋ2x3.

Using the Dirac-Bergmann formalism, perform the following steps

(1) Show that the Lagrangian is singular by computing the Hessian matrix

∂2L

∂ẋi∂ẋj

and verifying that its determinant vanishes.
(2) Determine all primary constraints of the system.
(3) Construct the canonical Hamiltonian

Hc =
3∑

i=1

piẋi − L,

expressed in terms of phase-space variables.
(4) Write down the total Hamiltonian

HT = Hc +
∑
a

λaϕa,

by adding the primary constraints ϕa with Lagrange multipliers λa.


