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Dynamical systems
Lagrangian mechanics

A bit of Calculus of Variations

Dynamics

Mid cross Newton
diff equations

2 bodies problem earth Sun

Can Newton's analytical methods be applied to

the 3 bodies problem earth sun moon

essentially impossible to solve

The breakthrough came with Poincaré in

the late 1800s He introduced a qualitative
rather that quantitative point of view
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Is the Solar systemstable

Exact position of a
forever

planet

f isthesiersonensie
Trajectories of planets under small perturbation

Are there special trajectories

periodic fixed

Finally Poincaré understood the possibility of
CHAOS

To understand this revolution we start by
some simple examples from population dynamics



Two examples in population dynamics
Malthusian growth model

net population size at time t
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proportional to the population site
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verhulst logistic
growth model

we introduce a logistic correction the special of growth
decreases when the population site increase
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Qualitative properties of the Solution explicit in

such a casa
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All fixed points
Every POINT IS A STABLE

Equilibrium
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equilibrium attractor

other two examples of 1 dim vector fields
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we go to to
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in finite time
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A diff equation on R is si X a

Solving a diff ca means finding curves chose derivative
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what about existence uniqueness of Solutions of Cauchy
7 problems Answer
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1 Every canny problem a has Solution

2 The Solution is unique

trajectories cannot intersect NO

Recall that X El D XE Lip we usually have

XE e

EXAMPLE of no uniqueness XE lo not Lip
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The previous Cauchy problem has 2 solutions
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