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Turbulent flow of conducting liquid can lead to spontaneous generation of sufficiently large magnetic field fluctua-
tions which is the essence of the dynamo effect [1]. It has been shown for three-dimensional chaotic flow [2-4] that
magnetic field correlation moments growth exponentially with time. The evolution of the magnetic field is deter-
mined by the change in time of the streamlines in the moving conducting liquid and the diffusion of the magnetic
field due to the finite conductivity [1].

The dynamo effect in two-dimensional flows with three-dimensional magnetic field hasn’t been studying for a long
time since it was shown [5-7] that the value of magnetic field stops to growth and decays exponentially at very large
times. This is in agreement with the so-called "anti-dynamo theorem" [5,6]. The statement is supported by rigorous
mathematical results [8,9], showing the absence of unlimited growth of the magnetic field in two-dimensional flows
on a number of manifolds. However these results don’t give us any about factors limited field’s growth.

The evolution of small-scale fluctuations was solved at large times in two-dimensional chaotic flow which doesn’t
depend on vertical component [10]. More precise asymptotics at large times compared to earlier papers [1,11,12]
was found in [10].

The magnetic field behaviour at large time in quasi-two-dimensional chaotic flow is studied in presented work.
The velocity field is assumed to be chaotic and depending on z. The difference between quasi-two-dimensional
and two-dimensional chaotic flows appears to be essential.

REFERENCES:

1. Landau L.D., Lifshitz E.M. Theoretical Physics .VIII « Electrodynamics of Continuous Media », 2001, p.656.

2. A.A. Schekochihin, S.C. Cowley, S.F. Taylor, L. Maron, J.C. McWilliams Simulations of the small-scale tur-
bulent dynamo, Astrophys. J. 612 (2004) 276–307.

3. A.P. Kazantsev Enhancement of a magnetic field by a conducting fluid, Sov. Phys. JETP 26 (1968) 1031.

4. M. Chertkov, G. Falkovich, I. Kolokolov, M. Vergassola Small-scale turbulent dynamo, Phys. Rev. Lett. 83
(1999) 4065–4068.

5. Ya.B. Zeldovich The magnetic field in the two-dimensional motion of a conducting turbulent fluid, Zh. Èksp.
Teor. Fiz. 31 (1956) 154, Sov. Phys. JETP 4 (1957) 460.

6. B. Zeldovich Ya, A.A. Ruzmaikin Magnetic field of a conducting fluid in two-dimensional motion, Zh. Èksp.
Teor. Fiz. 78 (1980) 980, Sov. Phys. JETP 51 (1980) 493.

7. Ya.B. Zeldovich, A.A. Ruzmaikin, S.A. Molchanov, D.D. Sokolov Kinematic dynamo problem in a linear
velocity field, J. Fluid Mech. 144 (1) (1984).

8. Oseledets V. Geophys. Astrophys. Fluid Dyn. 73 133, 1993.

9. Arnold V.I. and Khesin B.A. Topological Methods in Hydrodynamics (New York: Springer), 1998.

(a) Kolokolov I.V. Evolution of magnetic field fluctuations in two-dimensional chaotic flow, J. Phys. A. 50
(2017) 155501.

10. Zeldovich Y.B., Ruzmaikin A.A. and Sokolov D.D. The Almighty Chance (Singapore: World Scientific), 1990.



11. Childress S. and Gilbert A. Stretch, Twist, Fold: the Fast Dynamo (Berlin: Springer), 1995.

12. Kraichnan R. and Nagarajan S. 1967 Phys. Fluids 10 859.


