
Example of application of Lagrangian and 
Hamiltonian formalism: the pendulum 

M. Migliorati Pagina 1 

U =mgz =mgℓ(1− cosθ )
l!

θ 

z 

T = 1
2
mv2 = 1

2
mℓ2 "θ 2

L = T −U =mℓ ℓ
"θ 2

2
− g 1− cosθ( )

"

#
$

%

&
'

d
dt

∂L
∂ !θ
"

#
$

%

&
'−

∂L
∂θ

= 0 mℓ d
dt
ℓ "θ( )+ gsinθ!

"#
$

%&
= 0

ℓ ""θ + gsinθ = 0

Pθ =
∂L
∂ !θ

=mℓ2 "θ



Example of application of Lagrangian and 
Hamiltonian formalism: the pendulum 

M. Migliorati Pagina 2 

U =mgz =mgℓ(1− cosθ )
l!

θ 

z 

T = 1
2
mv2 = 1

2
mℓ2 "θ 2

H = T +U =mgℓ 1− cosθ( )+ 1
2
mℓ2 "θ 2

!θ = ∂H
∂Pθ

=
Pθ
mℓ2

ℓ ""θ + gsinθ = 0

As variables let’s consider θ and its canonical momentum 
(see previous page) 
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