
Chapter 7. The Canonical Equations §42 Problem 1.

§42 Poisson brackets

Problem 1.

Determine the Poisson brackets formed from the Cartesian components of the momentum p and
the angular momentum M = r× p of a particle.

Solution: We use Landau’s definition of the Poisson bracket,

[F,G] =
∑

k=x,y,z

(
∂F

∂pk

∂G

∂xk
− ∂F

∂xk

∂G

∂pk

)
.

Since the momentum components are independent canonical variables, we have

[pi, pj ] = 0.

For a bracket involving one momentum component, the definition reduces to

[F, pj ] = − ∂F

∂xj
.

Using Mx = ypz − zpy, we obtain

[Mx, px] = 0, [Mx, py] = −pz, [Mx, pz] = py.

The remaining brackets follow by cyclically permuting x, y, z. In index notation, with ϵxyz = 1, these
results take the form given below. Brackets with the arguments reversed follow from antisymmetry.

Answer to Problem 1.

[pi, pj ] = 0, [Mi, pj ] = −
∑
k

ϵijkpk
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