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Figure 7. Distribution of reversal durations: eumulative plot (log-og) for the geo
netic field (reproduced from [1]), Compare with figure 2(d),
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Figure 2, Distributions of durations of (a«.e) exausions and (b.d f) reversals, (a,b) his-

ograms, (¢d) cumulative plot (log-log). (e.f) cumulative plot (log-linear). Figure 1, Behaviour of (6-8) for the parameters given in the text, (a) shows a long time
series for the dipole mode a3, and (b=d) show the ), x2 and @3 evolution in the first
part of the time saies, (e—f) show phase portraits: (¢) s vs, o2 (f) 22 vs, 11,




Jones,Weiss and Cattaneo 1985 Physica 14D, |61.

E.N. Parker, Cosmical magnetic fields (Oxford, 1979).
N.O. Weiss, F. Cattaneo and C.A. Jones, Geophys. Astrophys.
Fluid Dyn. (in press) (1984).

F. Cattaneo, C.A. Jones and N.O. Weiss, in: Solar and
stellar magnetic fields, J.O. Stenflo, ed. (Reidel, Dordrecht,
1983).

L.P. Shil'nikov, Dokl. Akad. Nauk SSSR 160 (1965) 558
(Soviet Math. Doki. 6 (1965) 163).

E.N. Lorenz, J. Atmos. Sci. 20 (1963) 130.

C.T. Sparrow, The Lorenz Equations: Bifurcations, Chaos
and Strange Attractors (Springer, Berlin, 1982).

C.A. Jones, in: Stellar and Planetary Magnetism, A.M.
Soward, ed. (Gordon and Breach, London, 1983), p. 159.
A.C. Fowler, J.D. Gibbon and M.J. McGuinness, Physica
4D (1983) 139; A.C. Fowler and M.J. McGuinness, SIAM
J. Appl. Math. 44 (1984) 681.

M. Booty, J.D. Gibbon and A.C. Fowler, Phys. Lett. 87A
(1982) 261.

V.I. Amol’d, Usp. Mat. Nauk 27 (5) (1972) 119 (Russ.
Math. Surv. 27 (1982) 54).

V.1. Arnol'd, Funkts. Anal. Prilozh. 11 (2) (1977) 1 (Funct.
Anal. Appl. 11 (1977) 85).

V.1. Arnol’d, Geometrical Methods in the Theory of
Ordinary Differential Equations (Springer, Berlin, 1983)
(Russian version 1978).

G. Iooss and D.D. Joseph, Elementary Stability and Bifurcation
Theory (Springer, Berlin, 1980).

O.E. Lanford, in: Hydrodynamic Instabilities and the
Transition to Turbulence, H.L. Swinney and J.P. Gollub,

eds. (Springer, Berlin, 1981), p. 7.

P.H. Coullet, C. Tresser and A. Ameodo, Phys. Lett. 77A
(1980) 327.

D. Rand, S. Ostlund, J. Sethna and E. Siggia, Phys. Rev.
Lett. 49 (1982) 132; S. Ostlund, D. Rand, J. Sethna and E.
Siggia, Physica 8D (1983) 303.

M.J. Feigenbaum, L.P. Kadanotfand S.J. Shenker, Physica
5D (1982) 370.

S.J. Shenker, Physica 5D (1982) 405.

D.G. Aronson, M.A. Chory, G.R. Hall and R.P. Mc-
Gehee, Commun. Math. Phys. 83 (1982) 303.

[D. Whitley, Bull. London Math. Sot. 15 (1983) 177.

M.J. Feigenbaum, J. Stat. Phys. 19 (1978) 25.

P.H. Coullet and C. Tresser, J. Physique 39 (1978) C5:25;
C. Tresser and P.H. Coullet, C.R.Acad. Sci.” 207k (1978)
J.P. Eckmann, Rev. Mod. Phys. 53 (1981) 643.

O.E. Lanford, Arm. Rev. Fluid Mech. 14 (1982) 347.

E. Knobloch and N.O. Weiss, Physica 9D (1983) 379.
D.R. Moore, J. Toomre, E. Knobloch and N.O. Weiss,
Nature 303 (1983) 663.

C.A. Jones and H.PF. Swinnerton-Dyer, in preparation
(1985).

J. Guckenheimer, in: Dynamical Systems and Turbulence,
Warwick 1980, D.A. Rand and L.-S. Young, eds. (Springer,
Berlin, 1981) p. 55; SIAM J. Math. Anal. 15 (1984) 1.

A. Arneodo, P.H. Coullet, E.A. Spiegel and C. Tresser,
Physica D, in press (1985).

P.A. Glendinning and C.T. Sparrow, J. Stat. Phys. 35
(1984) 645.

D.W. Moore and E.A. Spiegel, Astrophys. J. 143 (1966)

871.

N.H. Baker, D.W. Moore and E.A. Spiegel, Q, J. Appl.

Math. 24 (1971) 391.

C.J. Marzec and E.A. Spiegel, SIAM J. Appl. Math. 38 (1980,403.




Tobias, VWeiss & Kirk 1995

Mon Not R.Astr.Soc 273,1 150

Arnol'd VI, 1983, Geometric Methods in the Theory of Ordinary
Differential Equations. Springer, New York

Barnes J.A., Sargent H.H., Tryon PV, 1980, in Pepin R.O., Eddy J.A.,
Merrill R.B., eds, The Ancient Sun. Pergamon, New York, p. 159

Beer J., Raisbeck G.M,, Yiou F.,, 1991, in Sonett C.P, Giampapa M.S,,
Matthews M.S,, eds, The Sun in Time. University of Arizona Press,
Tucson, p. 343

Choudhuri A.R., 1992, A&A, 253, 277

Collier Cameron A., Unruh Y.C., 1994, MNRAS, 269, 814

Damon P.E., Sonett C.P, 1991, in Sonett CP, Giampapa M.S.,
Matthews M.S., eds, The Sun in Time. University of Arizona Press,
Tucson, p. 360

Dogiel V.A, Syrovatsky S.I., 1979, Izv. Akad. Nauk SSSR Ser. Fiz, 43,
716; Bull. Acad. Sci. USSR Phys. Ser., 43(4), 35

Feudel U., Jansen W., Kurths J., 1993, Int. J. Bifurc. Chaos, 3, 131

Gaspard P, 1993, Physica, 62D, 94

Gilman P.A., 1983, ApJS, 53, 243

Glatzmaier G.A., 1985, ApJ, 291, 300

Guckenheimer J., Holmes P., 1986, Nonlinear oscillations, dynamical
systems and bifurcations of vector fields, 2nd printing. Springer,
New York

Hoyng P., 1988, AplJ, 332, 857

Hoyng P., van Geffen J.H.G.M., 1993, Geophys. Astrophys. Fluid Dyn.,
68, 203

Jennings R.L., Weiss N.O., 1991, MNRAS, 252, 249

Jepps S.A., 1975, J. Fluid Mech., 67, 625

Jones C.A., Weiss N.O., Cattaneo F,, 1985, Physica, 14D, 161

Jones C.A., Roberts P.H., Galloway D.J., 1990, Geophys. Astrophys.
Fluid Dyn., 53, 183

Stix M., 1989, The Sun: an Introduction. Springer, Berlin

Stuiver M., Braziunas T.F,, 1988, in Stephenson F.R., Wolfendale AW,
eds, Secular Solar and Geomagnetic Variations in the last 10,000
Years. Kluwer, Dordrecht, p. 245

Stuiver M., Braziunas T.F.,, 1989, Nat, 338, 405

Tobias S.M., Weiss N.O., 1994, in Lynden-Bell D., ed., Cosmical Mag-
netism. Institute of Astronomy, Cambridge, p. 46

Weiss N.O., 1990, Phil. Trans. R. Soc. Lond. A, 330, 617

Weiss N.O., 1993, in Krause F., Ridler K.-H., Riidiger, G., eds, The
Cosmic Dynamo. Kluwer, Dordrecht, p. 219

Weiss N.O., 1994, in Proctor M.R.E., Gilbert A.D., eds, Lectures on
Solar and Planetary Dynamos. Cambridge University Press, p. 59

Weiss N.O., Cattanco F, Jones C.A., 1984, Geophys. Astrophys. Fluid
Dyn., 30, 305

Wiggins S., 1988, Global Bifurcations and Chaos. Springer, New York

Zel'dovich Ya.B., Ruzmaikin A.A., Sokoloff, D.D., 1983, Magnetic
Fields in Astrophysics. Gordon and Breach, London

Kirk V., 1990, PhD Thesis, University of Cambridge

Kirk V., 1991, Phys. Lett. A, 154, 243

Kirk V., 1993, Physica, 66D, 267

Kiirster M., Schmitt J.H.M.M., Cutispoto G., 1994, A&A, 289, 899.

Langford W.E,, 1979, SIAM I. Appl. Math., 37, 22

Langford W.F., 1983, in Barenblatt G.I., looss G., Joseph D.D., eds,
Nonlinear Dynamics and Turbulence. Pitman, London, p. 215

Manneville P, 1990, Dissipative Structures and Weak Turbulence.
Academic Press, Boston

Moffatt HK., 1978, Magnetic Field Generation in Electrically Con-
ducting Fluids. Cambridge University Press

Morfill G.E., Scheingraber H., Sonett C.P, 1991, in Sonett C.P, Gi-
ampapa M.S., Matthews M.S., eds, The Sun in Time. University of
Arizona Press, Tucson, p. 30

Moss D., Tuominen I., Brandenburg A., 1990, A&A, 228, 284

Nordlund A., Brandenburg A., Jennings R.L., Rieutord M., Ruoko-
lainen J., Stein R.F,, Tuominen 1., 1992, Apl, 392, 647

Noyes R.W., Hartmann L.W., Baliunas S.L., Duncan D.K., Vaughan
AH., 1984, AplJ, 279, 763

Noyes R.W,, Baliunas S.L., Guinan E.F., 1991, in Cox A., Livingston
W., Matthews M.S,, eds, The Solar Interior and Atmosphere. Uni-
versity of Arizona Press, Tucson, p. 1161

Ott E., 1993, Chaos in Dynamical Systems. Cambridge University
Press

Parker E.N., 1979, Cosmical Magnetic Fields: their Origin and Activity.
Clarendon Press, Oxford

Platt N., 1993, in Proctor M.R.E., Matthews P.C., Rucklidge A.M., eds,
Solar and Planetary Dynamos. Cambridge University Press, p. 233

Platt N., Spiegel E.A., Tresser C., 1993, Geophys. Astrophys. Fluid
Dyn,, 73, 161

Proctor M.R.E., Weiss N.O., 1990, Nonlincarity, 3, 619

Raisbeck G.M., Yiou F., Jouzel J., Petit J.R., 1990, Phil. Trans. R. Soc.
Lond. A, 330, 463

Ribes J.C., Nesme-Ribes E., 1993, A&A, 276, 549.

Saar S.H., Baliunas S.L., 1992, in Harvey K.L., ed., ASP Conf. Ser.,
Vol. 27, The Solar Cycle. Astron. Soc. Pac., San Francisco, p. 150

Saar S.H., Piskunov N.E., Tuominen L., 1995 in Caillault J-P, ed., 8th
Cambridge Workshop on Cool Stars, Stellar Systems and the Sun.
ASP Conf. Ser., in press ‘

Schmalz S., Stix, M., 1991, A&A, 245, 654

Schmitt D., 1993, in Krause F.,, Radler K.-H., Riidiger G., eds, The
Cosmic Dynamo. Kluwer, Dordrecht, p. 1

Schmitt D., Schiissler M., 1989, A&A, 223, 343

Spiegel E.A., 1985, in Buchler J.R., Perdang J.M., Spicgel E.A., eds,
Chaos in Astrophysics. Reidel, Dordrecht, p. 91

Spiegel E.A., 1994, in Proctor M.R.E., Gilbert A.D., eds, Lectures on
Solar and Planetary Dynamos. Cambridge University Press, p. 245

Stix M., 1972, A&A, 20,9




Knobloch, Tobias & Weiss 1998

Mon. Not. R.Astr. Soc.297,1123

Ashwin P, Rucklidge A. M., 1998, Physica D, in press

Beer J., Tobias S. M., Weiss N. O., 1998, Solar Phys.. in press

Brandenburg A.. Krause F.. Meinel R., Moss D.. Tuominen L., 19892, A&A,
213,411

Brandenburg A.. Krause F.. Tuominen L, 1989b, in Meneguzzi M., Pouquet
A.. Sulem P. L., eds. Turbulence and Nonlincar Dynamics in MHD
Flows. Elsevier. Amsterdam p. 35

Brandenburg A.. Meinel R.. Moss D.. Tuominen L, 1990, in Stenflo J. O,
ed., Solar Photosphere: Structure, Convection and Magnetic Fields.
Kluwer, Dordrecht p. 379

Brooke J. M., Moss D.. 1994, MNRAS, 266, 73

Brooke J. M., Moss D., 1995, A&A, 303, 307

Covas E., Tavakol R., 1997, Phys. Rev. E. 55, 6641

Covas E., Tworkowski A., Tavakol R., Brandenburg A.. 1997, Solar Phys.,
172, 3

Glatzmaier G. A.. Roberts P. H.. 1995, Nat, 377, 203

Hughes D. W., Proctor M. R. E.. 1990, Nonlincanty. 3, 127

Jennings R. L., Weiss N. O., 1991, MNRAS, 252, 249

Kitchatinov L. L., Riidiger G., Kitker M.. 1994, A&A, 202, 125

Kncbloch E., Landsberg A. S.. 1996, MNRAS, 278, 204 (KL96)

Lythe G. D., Proctor M. R. E.. 1993, Phys. Rev. E, 47,3122

Matthews P. C.. Rucklidge A. M., Weiss N. O., Proctor M. R. E.. 1996,
Phys. Fluids, 8, 1350

Mochlic J., Knobloch E., 1998, Phys.. Rev. Lett.. in press

Pallavicini R., 1996, in Uchida Y., Kosugi T., Hudson H. S., eds, Magne-
todynamic Phenomena in the Solar Atmosphere. Kluwer, Dordrecht p.
359

Parker E. N., 1993, Apl. 408, 707

Ribes J. C.. Nesme-Ribes E., 1993, A&A, 276, 540

Roald C. B, Thomas J. H.. 1997, MNRAS, 288, 551

Schmitt D.. Schiissler M., Fernz Mas A, 1996, A&A, 311, LI

Schiissler M.. Schmitt D.. Fernz Mas A., 1997, in Schmieder B., del Toro
Iniesta J. C.. Vazquez M., eds, Advances in the Physics of Sunspats.
Astron. Soc. Pacific, San Francisco p. 39

Stone E., Holmes P., 1989, SIAM J. Appl. Math.. 50, 726

Stuiver M., Braziunas T. F., 1988, in Stephenson F. R., Wolfendale A. W.,
eds. Secular Solar and Geomagnetic Variations in the Last 10,000 Years.
Kluwer, Dordrecht p. 245

Tao L.. Proctor M. R. E.. Weiss N. O., 1998, MNRAS, in press

Tavakol R.. Tworkowski A., Brandenburg A., Moss D., Tuominen L, 1995,
Ad&A, 206, 269

Tobias S. M., 1996, A&A, 307, L21

Tobias S. M., 1997a, A&A. 322, 1007

Tobias S. M., 1997b. Geophys. Astrophys. Fluid Dyn.. 86, 287

Tobias S. M., Bummell N. H., Clune T. L., Toomre J., 1998, AplL,
submitted

Tobias S. M., Weiss N. O., Kirk V.. 1995, MNRAS, 273, 1150 (TWK95)

Tworkowski A., Tavakol R.. Brandenburg A., Brooke J.. Moss D., Tuominen
L, 1998, MNRAS., in press

Weiss N. O.. 1994, in Proctor M. R.E., Gilbert A. D.. eds, Lectures on Solar
and Planctary Dynamos. Cambridge Univ. Press, Cambridge p. 59

Weiss N. O, 1996, in Uchida Y., Kosugi T.. Hudson H. S., eds. Magnetody-
namic Phenomena in the Solar Atmosphere. Kluwer. Dordrecht p. 387

Weiss N. O, Tobias S. M., 1997, in Simnett G. M., ed., Solar and Helio-
spheric Plasma Physics. Springer, Berlin

Weiss N. O, Cattanco F, Jones C. A.. 1984, Geophys. Astrophys. Fluid
Dyn., 30,305

Wilson P. R., 1994, Solar and Stellar Activity Cycles. Cambridge Univ.

Press, Cambndge
Yoshimura H., 1978, Apl, 226, 706




Melbourne, Proctor &
Rucklidge

In G. Dangelmayr P. Chossat and J. Oprea, editors,
Dynamo and Dynamics: a Mathematical Challenge,

pages 363—370. Kluwer, Dordrecht, 2001..

Merrill, R.L., McElhinny, M.W. & McFadden, P.L. (1996) The Magnetic Field of
the Earth: Paleomagnetism, the Core, and the Deep Mantle, Academic Press: San
Diego.

Gubbius, D. (1999) The distinction between excursions and reversals, Geophys. J.
Int. 137 F'1-I'3

Busse, F.H. (2001) In this volume

Roberts, P.H. (2001) In this volume

Jones, C.A. (2000) Convection-driven geodynamo models, Phid., Trans. R. Soc.
Lond. A 358 873397

Bullard, E.C. (1933) The stability of a homopolar dynamo, Proc. Camb. Phi. Soc.
51 T44-760 .

Rikitake, T (1958) Oscillations in a system of disk dyvnamos, Proc. Camb, Phal.
Soec. 54 89-105

Allan, D.W., (1962) On the behaviour of systems of coupled dynamos, Proc. Camib.
Phil, Soc. 58 671-693

Robbins, K.A. (1973) Disk Dynamos and Magnetic Reversal (PhD thesis, M.LT.)

2001

Chui, A.Y.K. & Moffatt, HK. (1993) A thermally driven disc dynamo. In Solar
and Planetary Dynamos (ed. M.R.E. Proctor, P.C. Matthews & A.M. Rucklidge),
pp. 51-58. Cambridge University Press: Ccunl)ndoe

Hide, R., Skeldon, A.C. & Acheson, D.J. (1996) A study of two novel self-exciting
single-disk homopolar dynamos: theory, Proc. R. Soc. Lond. A 452 1369-1395
Moroz, I.M., Hide, R. & Soward, A.M. (1998) On self-exciting coupled Faraday disk
homopolar (.l}’ll'clll.l()b driving series motors, Physica. 117D 128144

Oprea, 1., Chossat, P. & Armbruster, D. (1997) Simulating the kinematic dynamo
forced by heteroclinic convective velocity fields, Theor. Comput. Fluid Dyn. 9 293—
309

Chossat, P., Guyard, F. & Lauterbach, R (1999) Generalized heteroclinic cycles in
spherically invariant systems and their perturbations, J. Nonlinear Sci. 9 479-524
Busse, FLH. (1970) Thermal instabilities in rapidly rotating systems, .J. Fluud Mech.
44 441460

Jackson, A., Jonkers, A.R.T. & Walker, M.R. (2000) Four centuries of geomagnetic
secular variation from historical records, Phil. Trans. R. Soc. Lond. A 358 957-9%0
Kumar, S. & Roberts, P.H. (1973) A three~dimensional kinematic dynamo, Proe.
R. Soc. Lond. A 344 235-258

Gubbins, D., Barber, C.N., Gibbons, S. & Love, J.J. (2000) Kinematic dynamo
action in a sphere. II. Symmetry selection, Proc. R. Soc. Lond. A 456 1669-1683
Proctor, M.R.E. (1977) The role of mean circulation in parity selection by planetary
magnetic fields, ¢ cophys. 4btmph ys. Fluid Dynamics 8 311-324

Krupa, M. & Melbourne, 1. (1995) Asyvmptotic stability of heteroclinic cycles in
systems with symmetry, Ely(xl. Th. & Dynam. Sys. 15 121-147

Melbourne, 1. (1989) Intermittency as a codimension three phenomenon, .J. Dyn.
Diff. Eqns. 1 347-367

Melbourne, 1., Proctor, M.R.E. & Rucklidge, A.M. (2001) In preparation




