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The miracle of the appropriateness of the language of mathematics for the formulation of the
laws of physics is a wonderful gift which we neither understand nor deserve. We should be
grateful for it and hope that it will remain valid in future research and that it will extend, for
better or for worse, to our pleasure, even though perhaps also to our bafflement, to wide
branches of learning.

Eugene Wigner



Dedico esta tese & mina avo
Isabel da Silva Raphaldini
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Resumo

Dois exemplos de dinamos naturais de grande importancia sdo o dinamo solar e o dinamo
terrestre. Em comum ambos os campos magnéticos, do Sol e da Terra, apresentam uma
complexa variagao temporal em diversas escalas de tempo, incluindo reversdes de
polaridade do dipolo magnético. Estes campos magnéticos surgem num fluido condutor
em movimento sob acdo da forca magnética e da forca de Coriolis. Neste contexto ondas de
Rossby magnetohidrodindmicas surgem como solucdes das equacdes que regem estes
dinamos em sua forma linearizada.

Mostramos primeiramente que ondas de Rossby fornecem uma explicacdo para estrutura
espaco-temporal do ciclo solar comumente descrita pelo diagrama de borboleta, como o
confinamento das manchas numa faixa que se estende entre -40° e 40° em latitude, a
migracdo da atividade solar em direcdo ao equador e a ciclicidade na escala decadal.

No contexto do geodinamo mostramos que a troca de energia entre ondas de Rossby, com
a inclusdo de forcantes apropriadas e dissipacdo, pode reproduzir diversos aspectos do
processo de reversdes do campo geomagnético.

Exploramos ainda a possibilidade de acoplamentos entre conjuntos de ondas de Rossby
(clusters de ondas), com separacdo de escalas, produzirem fenémenos como modulagdes na
escala secular nos ciclos solares, incluindo o Minimo de Maunder, e as variacbes na

frequiéncia das reversdes do campo geomagnético, incluindo o fenbmeno dos superchrons.



Abstract

Two of the most important examples of natural dynamos are the Solar and Terrestrial
dynamos. In common, both magnetic fields of the Sun and Earth, present a complex
temporal variation, including the reversal of the magnetic dipole. These magnetic fields are
generated in a conducting fluid in movement, in which both magnetic and Coriolis forces act
as restoring mechanism. In this context magnetohydrodynamic (MHD) Rossby waves arise
as solutions of the equations governing the dynamos in it linearized form.

First we show that MHD Rossby waves provide an explanation for the spatio-temporal
structure of the solar cycle, usually depicted in the butterfly diagram, namely, the
confinement of the sunspots in a latitudinal band extending from -40° to 40°, the migration
of the solar activity towards the equator and the cyclic behavior in the decadal scale.

In the context of the geodynamo we show that the exchange of energy between Rossby
waves, including effects of forcing and dissipation, are able to reproduce several aspects of
the geomagnetic dipole reversals.

Finally we explore the possibility of coupling between sets of Rossby waves with scales
separation as a possible mechanism for phenomena such as secular modulations in the solar
cycle, including the Maunder minimum, and variations in the frequency of geomagnetic

reversals, including the geomagnetic superchrons.
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