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Lagrangian equations of motion, generalised coordinates, constants of motion,
symmetries and Noether’s theorem

• Hamiltonian dynamics
Legendre transformations, Hamilton’s equations, conservative systems, phase
space, Liouville’s Theorem

• Qualitative dynamics
Classification of the behaviours of 1 and 2 dimensional continuous time au-
tonomous systems via linearisation of the system. Fixed points and limit cy-
cles, simple Preditor–Prey systems, Rayleigh’s equation, Hamiltonian systems
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Generating Function Derivatives K Trivial case

F1(q⃗, Q⃗, t) pi =
∂F1

∂qi
Pi = − ∂F1

∂Qi
H + ∂F1

∂t
F1 = q⃗ · Q⃗ ⇒ (Q⃗, P⃗ ) = (p⃗,−q⃗)

F2(q⃗, P⃗ , t) pi =
∂F2

∂qi
Qi =

∂F2

∂Pi
H + ∂F2

∂t
F2 = q⃗ · P⃗ ⇒ (Q⃗, P⃗ ) = (q⃗, p⃗)

F3(p⃗, Q⃗, t) qi = −∂F3

∂pi
Pi = − ∂F3

∂Qi
H + ∂F3

∂t
F3 = p⃗ · Q⃗ ⇒ (Q⃗, P⃗ ) = (−q⃗,−p⃗)

F4(p⃗, P⃗ , t) qi = −∂F4

∂pi
Qi =

∂F4

∂Pi
H + ∂F4

∂t
F4 = p⃗ · P⃗ ⇒ (Q⃗, P⃗ ) = (p⃗,−q⃗)

Table 1: Properties of the four basic Canonical Transformations (q⃗, p⃗) → (Q⃗, P⃗ ).

Conversion factors from SI units to Heaviside–Lorentz units

E⃗ =
√
ϵ0E⃗SI , B⃗ = c

√
ϵ0B⃗SI , ρ =

1√
ϵ0
ρSI , j⃗ =

1√
ϵ0
j⃗SI , [e =

1√
ϵ0
eSI ] ,

(c = 1/
√
ϵ0µ0) giving Maxwell’s equations as

∇⃗ · E⃗ = ρ

∇⃗× E⃗ +
1

c

∂B⃗

∂t
= 0

∇⃗ · B⃗ = 0

∇⃗× B⃗ =
1

c
j⃗ +

1

c

∂E⃗

∂t

and

F⃗ = e

"
E⃗ +

˙⃗r

c
× B⃗

#
.

Also with

ϕ =
√
ϵ0ϕSI , A⃗ = c

√
ϵ0A⃗SI

then

E⃗ = −∇⃗ϕ− 1

c
˙⃗
A , B⃗ = ∇⃗× A⃗ ,

and

V = e

 
ϕ−

˙⃗r

c
· A⃗
!

.
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