Lecture18:
Plasma Physics 1

APPH E6101x
Columbia University

Last lecture: Reduced MHD and Kink Modes
This lecture: Numerics, Perturbed Enerqgy, learing Modes



Ch. 9 Fitzpatrick: Magnetic Reconnection

Magnetic Reynolds Number

Lundquist Number Reduced MHD: Incompressible
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Summary of Reduced MHD
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Linearized Reduced (“/deal”) MHD
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Shafranov “Constant J” Case (dJy/dr = 0)
Wesson “Model Jo(r)” Case (dJdo/adr = 0)



Wesson'’s Cylindrical Equilibrium (dJo/dr # 0)

J.A. Wesson 1978 Nucl. Fusion 18 87; http://doi.org/10.1088/0029-5515/18/1/010
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—  Wesson's Kink Modes
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Wesson's Kink Modes
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KInk Mode Plasma.nb
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Eqs for MHD Force Balance

With x=r/a and the Wesson current profile, the equation for MHD force balance is

in[18]:= eqsIdeal = {D[y[x], x] = ¥Yp[x],
XD[xyp[x], x] - mA2y§y[x] +
4vi(m/n/qo0) xr2 (1 - xA2)A(v] -1)¢Y[x]/ (m/n/qg[x] - 1) = 0}

4mx* (1-x%) T V5 g x)

m [1— (l—x2 }Zl’yj }

utl18]= { ¥/ [X] = ¥p[X], -m* ¥[x] + X (Up[X] + X yp'[X]) = 0]
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KInk Mode Plasma.nb
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External Kink for Wesson Profile, gg = (1.5, 1.4, 1.3)

Edge Safety Factor (q,5)

Wall “out”: b/a = 1.8
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Energetics of Kink Modes
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oW (E,E") Perturbed “Potential” Energy
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0 (6, S") = K (€, &) Perturbed Kinetic Energy

Sec. 7.3: Introduction to plasma physics by Donald Gurnett and Amitava Bhattacharjee (2nd Ed. 2017; Cambridge)
Sec 3.1: Magnetohydrodynamic Stability @f Tokamaks by Hartmut Zohm (Wiley 2014)



Energehcs of Kink I\/Iodes

Po Y _JOXB +J1 XBy — Vp; =F(S)

_/po\g\z dV_——/é -F(&) dV =o6W(E", &)

Perturbed Magnetic "Twist"
(negative or positive)

Perturbed Magnetic Energy
(always positive)

Sec. 7.3: Introduction to plasma physics by Donald Gurnett and Amitava Bhattacharjee (2nd Ed. 2017; Cambridge)
Sec 3.1: Magnetohydrodynamic Stability @ Tokamaks by Hartmut Zohm (Wiley 2014)
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Energetics of Kink Modes
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(What happens as go — m/n ?)

oW (E,E") Perturbed “Potential” Energy

K(&, &%) Perturbed Kinetic Energy
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Energetics of Kink Modes

¥YShafranov: b/a = {1.1, 1.8}
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Resistive MHD e
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There 1s no “equilibrium” in resistive MHD
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‘Simple” Resistive Equilibrium = Transport
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"Simple” Resistive Equilibrium = Transport
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Tearing Modes: Internal Resonances (B- v = 0)
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\Viagnetic Islands
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Sec. 9.7 Fitzpatrick

Figure 9.5 Equally-spaced contours of the magnetic flux-function, (%, &), in the
vicinity of a constant-iy magnetic 1sland chain. The magnetic separatrix 1s shown as
a dashed line. 21



Do Magnetic Islands Grow? Or Shnnk?
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Do Magnetic Islands Grow? Or Shrink?

W[4 6”)

A\’ determines structure of surface
current, K, at resonant surface.
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How to calculate A
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How to calculate A’?
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Tearing Mode Dynamics in Tokamak Plasmas

Figure 1.6. Schematic diagram of an m = 2/n = 1 magnetic island chain in a tokamak plasma. l
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The development of humankind's ultimate energy source, nuclear fusion, has

proceeded slowly but surely over the course of the last 60 years. This Export citation and
comprehensive book aims to outline a realistic, comprehensive, self-consistent, abstract
analytic theory of tearing mode dynamics in tokamak plasmas. It discusses a BibTeX RIS
Preview fluid theory of a highly magnetized plasma that treats the electrons and ions as

iIndependent fluids, and then proceeds to develop the theory of tearing modes, Permissions

::t:a"r; citapatrick first approximating the geometry of a tokamak plasma as a periodic cylinder, but Get permission to re-use this
eventually considering the toroidal structure of real tokamak plasmas. This book book

53::2'(‘)‘;2 also descr.ibes the s.,tability of tearing mode§, the sgturat.ion of such modes, and Share this book
the evolution of their phase velocity due to interaction with other tearing modes, E n ﬂ
as well as the resistive vacuum vessel, and imperfections in the tokamak's
magnetic field. This text will appeal to scientists and graduate students engaged myPrint
In nuclear fusion research, and would make a useful reference for graduate .
plasma physics courses. Part of |OP Series in Plasma Physics. B my Print
+ Show full abstract 26 In order to take advantage of

this service vour institution



Topics Not Covered...

Kinetic theory, Vlasov equation, wave-particle interactions, quasilinear theory, particle trapping, ...
Gyrokinetics, drift waves, drift-wave transport, ...

Nonlinear topics, like shocks, wave-echoes, reconnection, energy-momentum transfer, turbulence, ...
Computational plasma physics, modeling, validation and verification, ...

Relativistic physics, intense laser-plasma, astrophysical objects, particle acceleration, ...

Plasma applications, like surface processing, chemistry, medicine, lighting, electric propulsion. ...
Fusion energy challenges, like plasma-wall interactions, fueling, heating, control, ...

Instrumentation, diagnostics, plasma reactors, ...
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Next Lecture: Final Exam Review



