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Nonlinear helical perturbations of a tokamak

H. R. Strauss,* D. A. Monticello,” and Marshall N. Rosenbluth
The Institute for Advanced Study, Princeton, New Jersey 08540

Roscoe B. White

Plasma Physics Laboratory, Princeton University, Princeton, New Jersey 08540
(Received 17 May 1976)

An analytic study of small amplitude perturbations of a cylindrical tokamak, using the nonlinear,
helically symmetric, reduced magnetohydrodynamic equations of Kadomtsev and Rosenbluth is presented.
Results are compared with those of a numerical study of these reduced equations.

. INTRODUCTION The magnetohydrodynamic equations are

It has been proposed’ that the nonlinear evolution of
free boundary kink modes in tokamaks could lead to
large distortions of the plasma. One purpose of the j=VvxB,
calculations presented here is to test this hypothesis
near the marginally stable point where only one mode is
unstable, Our results show that for ratios of plasma E=-VxB,
radius to wall radius less than 0.695, violent distortions
do not occur (a similar result was obtained by Ruther-
ford et al.? for a more stable equilibrium than the one d/di=8/8t+V +V
considered here). For ratios of plasma radius to wall
radius greater than 0. 65, our results are inconclusive.
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1s the convective derivative.

H. R. Strauss, D. A. Monticello, Marshall N. Rosenbluth, Roscoe B. White: Nonlinear
helical perturbations of a tokamak. Phys. Fluids 1 March 1977; 20 (3): 390-395.
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Phase diagram for magnetic reconnection in heliophysical, astrophysical,
and laboratory plasmas
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Reduced MHD: Defining a “simple” model...
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Basic Derivation (“/deal’
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Stream Function and Poloidal Flux
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Slmphfymg the MHD Momentum Equatlon
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Slmphfymg the Induction Equation
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Summary of Reduced MHD

&

'?af_,c)'p FLu% E‘JOLV‘@_S D’VM&MJCW/'

Dus To Ftecoy-mltsaiés
C.Hlﬁ'r‘-‘ifﬁ- e TH 4 S/ E A
Fdf‘b f_.‘ﬂd-u ’r

'H

—_—N - Ax,me vbaTic t Ty
M < | A-Cce D173 e

Freco-Auisfo
VAL (i TTo~ O o>t I
CoR 2 EAT e

bo Jz = V2. |

11



Importance of B-v (!!)
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Vitaly Shafranov

Professor Vitaly D Shafranov is widely known as one of the
acknowledged leaders of the world's scientific community in
plasma physics and controlled fusion. His theoretical research on
plasma equilibrium and stability made an outstanding contribution
to the physics of magnetically confined toroidal plasmas which

Vitaly Shafranov o . .
1929 - 2014 plays a decisive role for the problem of magnetic fusion.

T — S

The first work by V D Shafranov, in co-authorship with M A Leontovich, On the stability of a flexible
conductor in the presence of a magnetic field (1952) determined the goal for the experiments initiated by A
D Sakharov's proposal on the confinement of a plasma by both the toroidal magnetic field and the inductive

electric current, which later led to tokamaks.

He was the first to explain the stability of the tokamak plasma against perturbations with high azimuthal
modes (1970) and to give a theory for the determination of certain internal equilibrium parameters in
tokamaks by external magnetic measurements. Shafranov's review, written in co-authorship with V. S
Mukhovatov (Nuclear Fusion 1971), which became a handbook on tokamak systems, was very important

for world tokamak research.

hitps://iopscience.iop.org/article/1,0.1088/0741-3335/43/12A/002
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Step 1% Equilibrium (Shafranov’s Simplest Case)
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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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| Inearized Reduced (“ldeaf) MHD
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| Inearized Reduced (“ldea ) I\/IHD
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Alfvéen Waves in Shafranov’s Equilibrium (dJo/dr ~ 0)
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Global Kink Eigenmodes (dJo/dr ~ 0, except edge')
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Global Kink Eigenmodes (dJo/dr ~ 0, except edge!)
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Figure 4.4 Occurrence of ideal external kinks in the current ramp up of a tokamak dis- Wall posi‘l'ion IS imporan‘l': Why?

charge in the ASDEX tokamak. The (2,1) mode occurring at reduced ramp rate is a resistive
mode that terminates the discharge disruptively. This instability is treated in Chapter 10.
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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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Next Lecture

Resistive MHD (and tearing modes)
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Magnetohydrodynamic Stability of Tokamaks by Hartmut Zohm (Wiley 2014) and

Plasma physics : An introduction by Richard Fitzpatrick (2nd ed. 2022; CRC Press).

(both online at Columbia University)
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