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In currentless helical systems such as he
liotronltorsatrons, the global rotational trans
form~ of the vacuum magnetic field increases in 
the minor radius direction, i.e., the global shear 
s = dln ~I din '1/J is positive (27r'l/; is the toroidal 
flu..x). Shafranov speculated by using the low-f) 
approximation that if the global shear is pos
itive, high-n ballooning modes would not be
come unstable when the Mercier modes are 
stable. 1) The characteristics of the vacuum con
figuration, e.g., the global and local shear and 
the shape of the fl. u..x surfaces, however, can be 
significantly deformed as fi( = the kinetic pres
sure/the magnetic pressure) increases in such 
a currentless system that allows an inherently 
large Shafranov shift. We examine the high-n 
ballooning modes in such helical systems and 
show the ·physical mechanism of the high-n bal
looning modes occurring in the Mercier sta
ble strong positive global shear region empha
sizing how the local shear stabilization effects 
are weakened. Here is considered the situa
tion where the external poloidal field is applied 
so that the plasma boundary is almost fixed, 
and are obtained three dimensional currentless 
equilibria by using the VMEC code.2) 

In the currentless helical systems, the 
toroidal restoring force against the Shafra
nov shift is generated by the interaction of 
the Pfirsh-Schliiter current with the averaged 
poloidal field due to the helical coil system 
on the plasma fl.u..x surface. The averaged 
poloidal field is considerably large near the 
plasma boundary (t > 1) because of the large 
rotational transform t rv MIL ~ 1 near the 
separatrix where L and M are the polarity and 
the toroidal pitch of the helical coils. Thus, 
Pfirsh-Schl ii ter current localizes away from the 
plasma boundary to take the toroidal force bal
ance as is shown in Fig.1(C), which signifi
cantly affects the distribution of the locally en-

hanced poloidal field outside of the torus. The 
local shear is given by 
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where field line coordinates ( '1/;, 7], a) are used 
relating to the Boozer coordinates ( '1/;, e, () as 
7] = e and CY = (- qB. Due to the localization 
of the Pfirsh-Schliiter current, the turning sur
face appears where 91/;e = 0 in Fig.l (B). The 

perpendicular wave number lk.1l is given by 
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which plays a stibilizing role due to the shear 
Alfven field line bending. The appearance of 
the turning surface makes the local shear s 
weak in the strong positive global shear re
gion, which destabilizes the high-n ballooning 
modes. 
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Fig.1 (B) Equally spaced ('I/;, B) meshes on 
some poloidal cross sections for a helical 
configuration and (C) corresponding contours 
of Pfirsch-Schliiter current. 
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