







































1.7 One dimensional systems thephase diagram

Before moving to the Lagrangian formalism let's consider
theparticularlysimple case of a conservative Newtonian system with
a single effective degree of freedom

Example Elastic force over an horizontalplane harmonicoscillator

gravity irrelevant no friction perfectelasticity
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Notethat we can redefine variables for units such that

the e o.vn assume theform
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More generally for one dimensional conservative systems we have
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This equation is equivalent to the following setofeq.si
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The E g plane is called the phaseplore

Eq 1.47 defines a vector field in such phone and the

solutions to 1.46 corresponds to motions in such plane



Going back to the example ofthe harmonic oscillator

phase plane flow assume the corresponding form
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The phasevelocity rector in eachpoint
g p of the plane has components

p g i.e it has the same magnitude

of the radius and it is always perpendicular

Themotion in this plane is therefore a uniform circular
motion q ro cos yo t p rosin yo t ro TZE

The origin is a special orbit corresponding to the

equilibrium position

let's consider now a less simple example where the

potential energy has the form shown in Figs
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Fig or Fig2



Te structure of the phase flow shown in Fig 2 can be

understood qualitatively without solvingcompletely the e o m

Key features

1 The phase curve corresponding to the energy level Es
is a point a a equilibrium in gs

2 The phase curves corresponding to Ez E have two separate

ports

3 The phase curve corresponding to Eg has three separatepoets

TheEq curve has 3 pants since the
durationof themotion along any

of the non point like branches is infinite

In general the time difference to go from a pointq to a

point 9g along a trajectory is
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Usingthis general result and expanding 4cg around the relative maximum
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t follows that the time to reach qz from any ofthe points along
the trajectory with F Ec is infinite


