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Outline

Motion induced by electric oscillations without a magnetic field
Motion induced by electric oscillations with a magnetic field
Charged Particle Drifts in a uniform magnetic field

Charged Particle Drifts in a slowly varying magnetic field

Adiabatic Invariants



Nobel Prize in Physics 2018 halt jointly to Gérard Mourou and Donna Strickland
‘for their method of generating high-intensity, ultra-short optical pulses”

https://www.nobelprize.org/prizes/physics/2018/summary/

Oscillations without Magnetic Fielo
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Highest laser intensity in lab is now 1023 W/cm2 (!)

Hui Chen and Frederico Fiuza, Phys. Plasmas 1 Februarg 2023; 30 (2). 020601. https://doi.org/10.1063/5.0134819



Oscillations with Static Magnetic Field
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Charged particle motion in uniform/inhomogeneous, static and slowly-varying
electric and magnetic fields

Part 1: Gyromotion in Uniform Field

mv=qg(E+vxB), (3.1)
q
Ux — % (EX —|_ UyBZ)
q
vy = — (—vxBy)
m
b, = LE, . (3.7)
m
Uy = —w>vy
iy = —w5(vy + Ex/B,) . (3.8)

What drifts result from a static force that has the
same sign for ions and electrons (like gravity)?
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Key Dynamics

Separate descriptions of perpendicular and parallel motion
Fast gyration around B
Slow perpendicular drift of gyro center

Adiabatic motion with y conservation



Guiding Center Motion in a Strong Magnetic Field

Part 2: Guiding Center Motion

Particle

—QGuiding Center

origin
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Some Definitions & Cases

mv =¢g(E+ v x B)
» 3 equations, 2nd order, 6 initial conditions

» ConstantE and B

» Slowly varying E (with uniform B)

+ Let E — 0, with B slowly varying in space

Use Bernstein’s notation...

( See ‘handout”: http.:/sites.apam.columbia.edu/courses/apph6101x/Plasma 1-Adiabatic-Handout.pdf)
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http://sites.apam.columbia.edu/courses/apph6101x/Plasma1-Adiabatic-Handout.pdf

Just Mechanics
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Simple Note 1
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Simple Note 2

So we can decouple parallel and perpendicular motion
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Initial Value Case 1
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Initial Value Case 2
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Initial Value Case 3
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Initial Value Case 4
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Defining Gyro-Averaging

See: Sec. 3.2 Piel and
Secs. 2.3 and 2.4 in Fitzpatrick

E.O.M. in terms of gyration and drift



Separating the Vector E.O.M.




Fast Gyromotion

(Separately)




Slow Drift

(Separately)




a(f) slowly...
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SO

alt) slowly...
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Polarization Drift: Plasma Capacitor

CONDUCTING PLATE
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A 4 _ Fic. 1. Geometry of the plasma capacitor. The density variation
f@ i 3 is shown on the figure.

| Ay - o See: A. L. Peratt, H. H. Kuehl; Plasma Capacitor in a Magnetic Field. Phys.
f@ A [Odem 2 Fluids (1972); 15 (6): 1117-1127; https://doi.org/10.1063/1.1694037
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\Viotion with a slowly varying B...

Particle

Guiding Center

origin
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B(X) changing slowly...
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Drifts (separately
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Drifts (separately

oy = e D
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Drifts (separate
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Gradient-B Drift
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Parallel to B) Mirroring...




(Perpendicular to B)
Curvature Drift




urvature Drift







Another Simple Proof for Constant
Adiabatic Invariant




Next Monday

* Homework #2
* Guiding Center Hamiltonian (Littlejohn & Boozer)

* Tokamaks and bananas
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