small-field motion? It is generally
agreed that these elements are inhib-
ited, as the FD1-cell, in some way by
cells with the same preferred direction
but larger receptive fields [1 —4]). To
my knowledge, however, neither the
elements responsible for this large-field
inhibition nor the underlying synaptic
mechanism could be characterized so
far in any of these systems. The present
findings on the mechanism of small-
field tuning of the FD1-cell, thus, dem-
onstrates the significance of the fly for
an understanding of fundamental prin-
ciples of visual information processing
in term of neuronal circuits.

I am grateful to A. Borst, T. Quenzer,
W. Reichardt, and J. M. Zanker for
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manuscript. The figure is due to the
skill of B. Pilz.
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The main part of the seasonal variation
of the (solid) Earth’s angular velocity
w is caused by an exchange of angular
momentum between the atmosphere
and the solid Earth [1]. Observation-
ally, the balance can be confirmed with
an accuracy of about 10 % of the varia-
tion [2]. The interchange with the
oceans usually has been assumed to be
small. In this article we present com-
putations of its amount and phase.

Preliminary attempts to estimate the
oceanic contribution from geostrophic
currents based on insufficient data sets
failed by one order of magnitude [3].

Naturwissenschaften 77 (1990)

Here, we present results of a more ad-
vanced large-scale circulation model
for the world ocean [4]. Laterally, this
model resolves the circulation in grid
steps of 3°.5. The vertical resolution in-
volves 11 levels with 7 of them placed in
the uppermost kilometer where the
seasonal signal prevails. The model cir-
culation was induced by seasonally
varying boundary conditions at the sea
surface. After 5000 years of model time
the circulation had sufficiently adjusted
to the forcing and reached a stationary
state. We analyzed the model results
for the final year of integration.

© Springer-Verlag 1990

In this way, we obtained the angular
momentum content J, of the oceanic
motions and the variations in the mo-
ment of inertia 0 due to variations in
sea level and density (strictly speaking,
of their components around the Earth’s
axis of rotation). As expected, con-
tributions of changes in the density
stratification and changes in surface
elevation almost compensate each
other. The resulting net effect on
seasonal variations in the moment of
inertia amounts to about 10% of the
density contribution. Each change J 4
or Af - w of the angular momentum of
the oceans must be accompanied by a
counteracting change of that of the
solid Earth in order to retain the total.
The two quantities and their effect Aw
on the angular velocity of the solid
Earth are shown in Fig. 1a and b, to-
gether with an analytical approxima-
tion (Fourier series of up to the 2nd de-
gree). While the variation of 6 requires
at least a 2nd degree representation, the
currents reveal a simple sine wave. This
difference probably results from a
serious limitation in our applied forcing
functions: for the Southern Ocean, in
particular, there is a general lack of ad-
equate data for wind stress and for sea-
surface values of temperature and
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salinity. Available data sets for the cli-
matological wind forcing do not reveal
the typical semiannual oscillation
known from fluctuations of the Ant-
arctic Circumpolar Current [5] and

from fluctuations in sea-level pressure
[6].

When we add the two effects of J, and
# we arrive at total oceanic changes of
the Earth’s angular velocity or length
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Fig. 1. The smooth curves are Fourier approximations of the 2nd degree; individual monthly
values are shown if it is possible to recognize the deviation from the curve, The zero points
are arbitrary. a) Average annual variation of the axial oceanic angular momentum J; due to
motions of the water relative to the solid Earth and the corresponding change Acw in the
angular velocity of the solid Earth. b) Average annual variation of the oceanic moment of
inertia @ around the rotation axis of the Earth and the corresponding change Awy. c) Total
change in angular velocity Aw and length of day of the solid Earth from the combination of
(a) and (b). d) Change in Universal Time (rotation angle) from integration of (c)
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of day (Fig. 1c) and by integration at
changes in Universal Time (Fig. 1d).
An amplitude of about 1 ms in UT is
not negligible as compared with ac-
curacies in Very Long Baseline Interfe-
rometry of typically 0.1 ms at these
time scales [7]. It should be noted that
our interpretation does not touch the
question of the inferaction between the
three components of the Earth. Both
the angular momenta of the at-
mosphere and the solid Earth are ob-
served quantities. It is a problem of the
observational precision whether one
can already recognize a significant
imbalance between these two consti-
tuents [8]; if this is the case one could
try to explain it by the oceanic con-
tribution. We are quite confident in the
existence of the latter in the order of
magnitude given in this report.
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