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Initial Plasma Production by Induction Electric Field on QUEST Tokamak
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Induction electric field by center solenoid coil plays a roll to produce initial plasma. According to
Townsend avalanche theory, minimum electric field for plasma breakdown depends on neutral gas
pressure and connection length. On QUEST spherical tokamak, a connection length is evaluated as
966m on null point neighborhood with coil current ratio Ipr2e/Ics = 0.1, and induction electric field
considering eddy current of vacuum vessel is evaluated as about 0.1 V/m on null point neighborhood.
With Townsend avalanche theory, these values manage to produce initial plasma on QUEST.

Key words: QUEST, Townsend avalanche, Connection length, Induction FElectric Field,
FEddy current, Filament approximation
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Mode PF1& PF7 PF2&PF6 PF4-1&PF4-3 PF4-2
R [m] pulse 1.500 1.261 0157 0.163
steady 1.555 1.312
Z [m] +0.54 +1.100 +0.740 0
Width [m] 0.164 0.203 0.023 0.034
Height [m] 0.166 0.229 0.590 0.792
turn pulse 4 36 77 161
steady 12 72
Inductance [mH] pulse 0.11 6.05 0.66 917
steady 0.89 23.20
Resistance [m Q] pulse 0.33 13.3 118 126
steady 0.99 26.5
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Fig. 2 Bz profile of CS coil and PF26 coil with 1kA, and
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Fig. 7 (a) PF26 coil current, (b) derivative of PF26 coil
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of experimental measurement (line) and calculation
(dashed line)
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Table 2 Decay time constant of flux loop defined by
experimental measurement

FLC-4 FLC-17 FLS-1 FLS-3

PF17 6.9 6.9 3.9 3.9
PF26 6.6 6.6 6.6 6.6
PF35 5.1 5.1 7.8 7.8
(msec)
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Fig. 8 Flux loop of FLS-1 calculated by filament

approximation without (line) and with (dashed
line) eddy current.

Table 3 Decay time constant of flux loop calculated by
filament approximation
(free parameter value f= 0.056)

FLC-4 FLC-17 FLS-1 FLS-3

PF17 6.9 6.9 6.1 6.1
PF26 54 54 7.9 7.9
PF35 3.4 34 8.8 8.8
(msec)
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Fig. 9 (a) CS coil current, (b) Loop voltage at R=1.05m
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current, (¢) Loop voltages of several points
(z=0) with Eddy current, (d) Calculated
toroidal electric field of several points.
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