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1) The Simplest Possible Algorithm© (SPA) for designing stellarator coils is described. 
 

2) The coil geometry has “maximum freedom”, and  the target function is “minimally 
constrained”.  
 

3) Fast, reliable and insightful numerical algorithms are enabled by exploiting 1st and 
2nd derivatives with respect to the coil geometry and the “target surface”. 
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Vacuum fields in given domain uniquely defined by 
supplied boundary conditions 



Minima of “regularized” functional give required set 
of external current-carrying coils  



Variations in line integrals with respect to  
variations in the line: length 



Variations in line integrals with respect to  
variations in the line: length 



The Biot-Savart law gives the magnetic field, 
variation in curves gives variation in magnetic field 
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common factor 
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Variations in line integrals with respect to  
variations in the line: magnetic field 



The first variation with respect to variations in the 
curve is easy to calculate 

Flexible Optimized Coils Using Space (FOCUS) curves 
Caoxiang Zhu, Stuart R. Hudson et al., “New method to design stellarator coils without the 
winding surface”, Nucl. Fusion 58, 016008 (2017) 



Second derivatives can be calculated, 
allows fast algorithms and sensitivity analysis 



Numerical problem is cast as a minimization Variations of surface integrals with changes in the 
surface: surface area and mean curvature 
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Numerical problem is cast as a minimization Variations of surface integrals with changes in the 
surface: surface area and mean curvature 



Numerical problem is cast as a minimization The quadratic-flux is an analytic function of the 
surface. So, what happens if the surface varies? 



Numerical problem is cast as a minimization Part Two: 
Can the surface be varied to simplify the coils 
under the constraint of conserved plasma properties? 



Numerical problem is cast as a minimization Example: rotational-transform on axis depends on 
“ellipticity” and torsion of axis. 



Numerical problem is cast as a minimization A circular cross-section with axis torsion gives simpler 
coils than a rotating ellipse with circular magnetic axis 



Numerical problem is cast as a minimization Another example:  
one purely elliptical, the other purely torsion 



1) The Simplest Possible Algorithm© (SPA) for designing stellarator coils is described. 
 

2) The coil geometry has “maximum freedom”, and  the target function is “minimally 
constrained”.  (Additional constraints can be added.) 
 

3) Fast, reliable and insightful numerical algorithms are enabled by exploiting 1st and 
2nd derivatives with respect to the coil geometry and the “target surface”. 
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Summary 

Some relevant papers  





Numerical problem is cast as a minimization Variations of surface integrals with changes in the 
surface: surface area and mean curvature. 

1) R.L. Dewar, S.R. Hudson & P.F. Price, Phys. Lett. A., 194 49 (1994) 
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