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Does the geostrophic flow in Earth’s core work as a symmetry breaker

for the generation of net helicity?

Hisayoshi SHIMIZU
Earthquake Research Institute, University of Tokyo
(Received January 15, 2004)

The flow driven by any localized buoyancy in rotating hydromagnetic system having
certain symmetry cannot produce non-zero net helicity. It is well known that non-zero
helicity is not a necessary condition for sustaining a self-exciting dynamo, but the efficiency
of the generation of the magnetic field by the flow is greatly increased if the flow has
non-zero helicity. The efficiency of the magnetic field generation in Earth’s core is not
known at all. However, it seems natural to believe that the efficiency is not too low and
Earth’s core has some symmetry breakers to have net helicity. We studied the effect of a
geostrophic shear flow for the generation of net helicity. The result turns negative: the
geostrophic flow does not work as an effective symmetry breaker for the generation of
non-zero net helicity.
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Fig. 1. Physical set-up of the system.
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Table 1. Symmetry of the components of u)(x) when the buoyancy has even symmetry.

Transformation Uoc Voc Woc Uos Vos Wos
x——x neither neither even neither even neither
Yy —y neither neither even neither even neither
z2—>—2z odd odd even even even odd
X——X, V==V odd odd even even even odd
x——x,2—>—2Z neither neither even neither even neither
y——y,2—>—2 neither neither even neither even neither

X—>—X even even even even even even
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b, ZTIZT, wOBREFWERCSE, oS 2IT- T
fy o 220 Py = —KWoca”x 63
Ky%‘fdsx:O 84

EuBl RS, LD,

Table 2. Symmetry of the terms in equation 82 when the buoyancy has even symmetry.

Transformation agz;c ag;': y ag;:’s yaaL;s Woc Wos
X —x even neither neither even even neither
y—o -y even neither neither odd even neither
z——z even even odd odd even odd
X=X,y —y even even odd odd even odd
X—o—x,22—2 even neither neither odd even neither
Yy —y,2—>—2 even neither neither even even neither

X——X even even even even even even
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