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Cited from http://www.astronomynotes.com/cosmolgy/s12.htm
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Violent motion
(Newton’s drawing).
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BN ] (1744) .
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Is “vortex” a thing, effect, or phenomenon?
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Plasma physics as a problem of space-time

e Plasma =L, o + Leieg

« GE)ZERIFITAHAILDHLS
Hamilton-Jacobi eqg: P =VS

¢ R. Jackiw, Lectures on fluid dynamics--a particle theorist’s view of super-

symmetric, non-Abelian, noncommutative fluid mechanics and d-branes
(Springer, 2002).
¢ Z. Yoshida & S.M. Mahajan, Plasma Phys. Contr. Fusion 54 (2012) 014003.

(i) = non-canonicality of symplectic geometry



Space-time: a priori of theory ?

« Kopernikanische Wendung
a priori of recognition

e space-time & matter
geometry & energy

d
—F=[H,F
F=IH.F]

Immanuel Kant
[ , ]:geometry, H :energy (1724-1804)

Mach: Space-time €<-> matter




General syntax of Hamiltonian systems

« Hamiltonian mechanics is dictated by
J (symplectic operator) and H (Hamiltonian)

H(E)

d
—u=Jo H(u
dt HU) @

51

Poisson bracket: |G, F|=(J8,G(u), J8,F (u))

d
EF(U)Z[H’F]

[[F.G].H]+[IG,H].F]+[[H,F].G]=0



Examples of Hamiltonian systems

classical mechanics:
o.H
4,99 R = Jo,H
d¢ dt\lp) \-I 0O)\J,H

guantum mechanics:
oW = —i@w< ?fl//,w>/2 =Jo, H

These examples are “canonical” because J are regular operators.



non-canonical Hamiltontan mechanics

e Ker (J)=Coker(J) — “topological constraint” *

 Foliation of Ker (J) — Casimir elements

3C st.[G,C|=0(VG)
l.e. 0,C eKer(J)

~——

—
~
"~

——

'\
\\:

« H - H+C does not change the dynamlcs\

* Ker(Jo, )=Homg(Coker(Jo, ), F)




The Euler eg. and vorticity eq.

 Euler equation of ideal fluid:

ou+(u-Vu=-Vp, V-u=0,

n-u=0

 Vorticity formulation:

8ta):Vx(u><a)) (w:=V xu)
={w, ¢} (2D :u=curlg,w =—-A¢p)

e \Vorticity eg. in H(Q) is equivalent to Euler eq. in
L2, (€Y).



Hamiltonian formalism of the Euler eq.

e Hamiltonian formalism
0,0=J(w)0 H(w) [in H Q)]
e Hamiltonian

H () == j(Kw) wdx [K:=-A"HYQ) - HY Q)]
Poisson operator

J(w)={w, }: H;(Q) > H(Q)

. 0l=(I(@)y.p) =(@fy.¢})| [0eC@)]

« Known to be classically solvable for a Hélder continuous initial
value: T. Kato (1967)
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Casimir element = F(o)

o« RIEEDPTEENTD. HAWLIE, BAHIEENT
HZEMILAMITE > THEENEZAONTLNS.

e MHDZZELRIFRDIBEZLD.




Circulation theorem

dt[ §P dx) §[8tP+(V>< P)xV]-dx

L(1) L(t) =0
If canonical momentum P =mV +(q/c)Aobeys

OP+(VxP)xV =-Vop (gpz H —I—h).



Relativistic circulation theorem

ds Gs)

L(s)
s :proper time, U* =(y, ¥V ! /¢)
relativistic equation of motion

(6“P"—0"P*)u, =To*S

Relativistic circulation theorem applies on space-time:
relativistic distortion of space-time

—>non-exact thermodynamic force on the reference frame
—>Cosmological origin of vortex/magnetic field




Relativistic distortion of space-time

Exﬂ =V,u Exﬂzuﬂ

Relativity destroys the “synchronity” of a cycle.

- “twists” space-time

-1
- generate circulation f 7 TdS




scalar - vector - axial vector (vortex)
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 Unification: vorticity + magnetic field
e Distortion - Creation

e Non-exactness (entropy) - Vorticity

@ | | Vo

Vv | |VxV




Distort

lon by scale hierarchy
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“measure” ?

= | DAEZER] ?

Image of constrained (foliated)
phase space




General Hamiltonian system

« Hamiltonian mechanics is dictated by
J (symplectic operator) and H (Hamiltonian)

d
—u=Jo H(u
dt u ()

Poisson bracket : [G, F|=(J8,G(u),0,F (u))
d

aF(u):[H,F]

. 0 |
canonical form: J:£ | j




Non-canonical Hamiltonian mechanics

* Non-canonicality : Ker(J)

‘0 0 0O
J=10 0 | /Effective phase space
0 |1 0

e Ker(J) = Coker(J) — “topological defect”



Scale hierarchy of magnetized particles
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Boltzmann distribution on Casimir leaf

5(S—aN—-BE—yM)=0 S=-|flogfd’z
N = fd°z
E=[H,fd’z
f=cexp(-AH.—yu)  M=[ufd

N\

Chemical potential Quasi-particle number




Embedding into the lab-frame space

p(X) = | fd*v = f (27w, /m)ddvdv,

=c|exp(- BH, - o ey

_ a(X)
C0,(X)+y

”dvg




Density clump In lab-frame space

Adiabatic invariant
—> quantization of quasi-particles
—> thermodynamic distribution on a Casimir leaf

(B)
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A magnetosphere on the Earth
RT-1 project

Jovian magnetosphere RT-1 magnetospheric plasma




Levitating HTC superconducting magnet system
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High-beta plasma confinement
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Creation of magnetic moment by heating
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Inward (up-hill) diffusion
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» self-organized confinement )£k

e MEA = W[ E—AVPAET x B
BIEDAN) Y

o NRIEHEER > ARNJVIDEHDERE




« VORTEX = distorted space-time

o effective phase space - foliation (Casimir leaf)

Newton-Kant “space” - relativity, foliation

and beyond
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