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• “Semi-stellarator” or “Furth-
Hartman” coils added to MIT Rector 
tokamak.

• Current on side calculated to have 
little effect on vertical mode.

• Current on top and bottom calculated 
to have approximately the same 
stabilization effect as parallelogram-
shaped coils.

Stabilization of tokamak vertical mode by 
nonaxisymmetric field demonstrated experimentally.

From A. Janos Ph.D. thesis, 1980.

R0=.6 m, .7 m x .35 m vacuum chamber, B = 
3.5 kG, Te0≤200 eV, ne=2x1019 m-3.



 
Nonlinear Behavior of the Vertical Instability 

 Conjecture 

• δW analysis calculates response to infinitesimal perturbation.  Depends 
on 

• Finite vertical excursion of plasma sees exponential increase of  
 Suggests that nonaxisymmetric field can prevent large vertical 

excursions of plasma even for equilibria linearly unstable to vertical 
mode. 
– Reduce incidence of VDEs due to accidental crossing of stability 

boundary? 
– Reduce incidence of VDEs triggered by other instabilities? 
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 Conclusions 
• Addition of relatively simple set of parallelogram-shaped 

nonaxisymmetric coils can improve stability of tokamaks to vertical 
modes. 

 Stable equilibria with more highly elongated cross-sections can potentially 
lead to devices with improved performance in terms of beta limits and/or 
confinement. 

• Furth-Hartman coils calculated to have essentially the same vertical 
stabilization effect as the parallelogram-shaped coils. 

 Vertical stabilization demonstrated experimentally by Furth-Hartman 
coils supports feasibility of stabilizing vertical modes by the simpler coils. 

• Exponential increase of       in vertical direction suggests reduced 
incidence of disruptions caused by vertical instability. 

• Physical picture for stabilization suggests that stability properties do not 
depend on precise shape of the coils. 

 Coil winding surface can be curved to conform to local shape of plasma,  or 
curvature of coils can be introduced to optimize relative to other 
considerations. 
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Coils placed on sides of plasma rather than top and bottom have 
no effect on vertical stability.
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• Add coils just on right side to get 
Furth-Hartman coils wrapped on 
rectangular prism. (H. Furth and 
C. Hartman, Phys. Fluids 11, 408 
(1968))  Coils on side do not 
affect vertical stability.

• Furth-Hartman coils have been 
demonstrated experimentally to 
stabilize vertical modes. (H. Ikezi, 
et al., Phys. Fluids 22 (1979); A. 
Janos, Ph.D. thesis, M.I.T., 
(1980). )
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Coils on top and bottom have same vertical stabilization properties as 
equivalent set of Furth-Hartman coils, whose stabilization has been 

demonstrated experimentally.
Arrows 
indicate 
direction 
of current 
flow
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• Connect numbered vertices, 
with current flow in direction 
1→2→3→4→1.

• Cancel z-directed current on 
top right with axisymmetric 
filament.

• Construction similar on left 
side.

• Unlike coils just on top and 
bottom, produce vacuum flux 
surfaces and rotational 
transform.

• Vertical stability properties 
same as with coils just on top 
and bottom.
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Can construct conventional helical stellarator winding, wrapped on rectangular 
prism, from coils on top, bottom and sides,

+ axisymmetric filaments.
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