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Task 1

From Newton’s second law we have the relationship between the net external torque and the angular acceleration:

Jω̇ = τs + τg

with τs and τg stand for spring torque and torque due to the gravity respectively

mL2ω̇ = kα+mgL sinϕ

We know that α = ψ − ϕ, then our system will be:
ϕ̇ = ω

ω̇ =
k(ψ − ϕ)

mL2
+
g

L
sinϕ

Let us define ω̇ = ω(k+1)−ω(k)
∆T and ϕ̇ = ϕ(k+1)−ϕ(k)

∆T with ∆T the step size, it will be possible to define our
model in the form:

xnext = xcurrent + f(xcurrent) · ∆T
ϕ(k + 1) = ϕ(k) + ω(k) · ∆T

ω(k + 1) = ω(k) + (
k(ψ − ϕ(k))

mL2
+
g

L
sinϕ(k)) · ∆T

and here is the matricial form:[
ϕ(k + 1)
ω(k + 1)

]
=

[
ϕ(k)
ω(k)

]
+

[
ω(k)

k(ψ−ϕ(k))
mL2 + g

L sinϕ(k)

]
· ∆T
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