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Thermal Fluctuations and Electron Transport in a Tokamak
V.G. Merezhkin
RRC Kurchatov institute, Moscow, RF, vitm@mail.ru
It is known that fluctuations of electron density in usual conductors in the closed electric chain can cause in it alternating currents and voltage in a wide area of the frequencies : in acoustic, radio and UHF ranges, - which spectral function g() should be near a constant value when ħ << kT [1]. The Intensity of “white noise” generated in a linear chain is very small: in all fixed  intervals its power, p(), proportional to ½ kT, and its integrated value should not exceed ~ 0.5(10-7 W at T = 300o K (~0.03 эВ) in the frequency range from 0 to quantum area ħkT ≥ 1.
The derivation of the Nyquist quantum formula for the LCR cells was published in Ref [1]. In [1] is given, also, the expression for the intensity of white noise in a simple closed chain consisting only from two conductors with distributed resistance in each of them R = Z/2, where Z is chain impedance. The total power generated in one conductor of this chain, according to definition of time’s averaging the square of the voltage <2> =
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The power of fluctuations in the linear chains can be found from spectral function g(w)=(2/) kT(R of Nyquist, under R=const, and from fluctuations-dissipative (FD) theorem, as well [2]. Using the Nyquist or FD-theorem it is possible to get a rough estimation for P∑ power and fluctuations amplitude (B2)w for a small, of 1 cm3, volume of plasma in a tokamak in a kind of thin cords with radius r ~ r D, which closed on itself after one or several pass-byes along the toroidal ring. Since Nyquist formula gives the parameters g() and P∑ proportional to the energy in one degree of liberty of the system, the change of fine cord volume by changing its cross-section does not change the estimated value of P∑ power ~ 15 W for T-10 tokamak, where Te (a/2) is ~ 500 eV in OH regime. Thence it is clear that the fluctuations level of electromagnetic field in thin cord must grow with reduction of its cross-section, as 1/r2, when fluctuations of voltage and current turn out to be synchronized on whole length of this thin cord or on significant its part. If this really so, that fluctuations of the E and B fields tension in a thin layer on magnetic surface in a tokamak can disconnecting the banana orbit of trapped electron, which thickness of 0.1 mm is in several times less than r D and on one order of magnitude less than non-collision skin-layer  = c/pe [3]. In [3] it has been shown that only two parameters 2 and bounce frequency of trapped electron 1/be give the values of D and e coefficients rather close to Dan and ean coefficients in T-11 transport model.
Founding only on the formula of Nyquist, presently it is impossible to give a more proper estimation for the value of  P∑ and for the fluctuation amplitudes of field Bbecause the inequality max << (ei is not carried out in a tokamak, where the Coulomb frequency (ei is always much lower than in metallic conductors.

References
[1]. V.L. Ginzburg, Uspekhi Fizicheskikh Nauk, 46, 348 (1952).  
[2]. E. M. Lifshitz and L. P. Pitaevskii, Statistical Physics, Vol. 2: Theory of Condensed State (Fizmatlit, Moscow, 2001; Butterworth-Heinemann, Oxford, 2002).

[3]. V.G. Merezhkin. Plasma Physics Reports, Vol. 35, p. 499 (2009).

1

_1320831141.unknown

_1320914345.unknown

_1320864639.unknown

_1315852911.unknown

