
General Physics Notes (07222026):

There are a lot of sections we should cover so remind me to go through Fourier
notes on series, the falling ladder problem, and the Kepler’s laws. I know that
these are not exactly related to plasma physics, but innovation comes from
the strangest places and often when thinking about celestial mechanics, you can
gather insight into particle motion. I like to Lagrangian-ize and Hamiltonian-ize
most systems so I can get good EOMs. For the moment, we’ll cover oscillations

ẍ+ αẋ+ ω0x =
F0

m
cos(ωt) (1)

We can use this solution for the moment, but really any solution with periodicity
can work. I like to imagine ζ(s, t) solutions to the recursion of the damped
oscillation equation to find turbulent modes and also to model baryogenesis.

x(t) = xp(t) + xh(t) (2)

The terms xp and xh really represent any solution and the general solutions
with F0 = 0.

x(t) = R[Aeiωt] (3)

Plug in real to generate the real part of the complex equation. Plug this into
the homogenous DE.
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0) = 0 (4)
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There is a high Q and a low Q regime which are narrow response and broad
response. The regimes are characterized at their values of 1

2 where being above
that means oscillating and dying out, being over that shows little oscillation yet
still dying out, and critical at the exact value 1

2 shows stability.

Underdamped...
x = e−α t
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Overdamped...
x = C1e

−αt−t + C2e
α+t (7)

Coefficients come from the different boundary conditions, which is a general
theory describing the behavior of dynamical constraints based upon some meta-
data, usually at bounds.

Critically damped...
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This is a rough and dirty overview of the oscillation and damping motion. Gen-
eralized into n dimensions or in fractional dimensions, we can replace the x(s, t)
with a ζ(s, t) which should uncover both emergence and turbulence.
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