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allows them to react to different aspects of stimuli and, on the other hand, the brain should perform
more complex operations and this is possible only if some areas are functionally integrated. Studying
the activity of specific regions of the cortex we can try to identify those, which are functionally
related due to the existence of dense neuronal connections among themselves. Considering different
experimental conditions we are able to explore the task-specific activity of various brain areas.

We analysed data obtained in the experiment which consisted of two tasks: task 1 (object recogni-
tion) - black and white images of various complex objects (including faces) were presented to a subject,
and task 2 (facial emotion recognition) - images of faces expressing fundamental emotions were used.
After short presentation of each image the subject was asked to name the object or emotion verbally.
The same three areas in each hemisphere were selected for detailed inspection: the Posterior Calcarine
Sulcus (PCS), the Fusiform Gyrus (FG) and the Amygdala (AM). The mutual information [1] for all
pairs of these areas in each hemisphere was contrasted for different tasks and categories within each
task.

Our study has revealed two phenomena in the processing of information induced by stimuli in the
selected areas: a spatially based segregation into specialised areas and a separation of processing of
different categories in the time characterising strong coupling of activity between areas. We found that
early processing in the primary and association areas leads to the fusiform gyrus, which specialises
on complex objects rather than faces specifically. We observe a clear evidence that although the time
of the stimuli-evoked activation of a certain region might be category-independent (e.g. in the areas
closer to the primary ones), the latencies of activations of linked areas are differentiated for different
categories.

Among the differences between objects and emotions we have found that the objects are well
separated in the link between PCS and FG, however, the emotions are not so well distinguished at
this level but they become very well separated in the link between FG and AM. There are two emotions
which still overlap in the mutual information map between last two regions but they verbally were
least discriminated by the subject.
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We analysed the activity in the human auditory cortex in response to simple tones delivered reg-
ularly to one or both ears. Our study was based on data from multichannel magnetoencephalography
recordings in five normal human subjects.

An interesting observation about the nature of local auditory excitations can be made by inspecting
the structure of the power spectrum calculated as a squared modulus of the Fourier transform of the
timeseries. The power spectra were calculated from signals representing the whole specific experiment
and are shown in the Figure below for all five subjects participating in the experiment. The main
difference between them is that JD (and to a lesser degree JL) exhibits a significant concentraction
of strength at 8 Hz but this can entirely be attributed to a particularly strong a-rythm activity
dominating this subject. Ignoring this peak one obtains very similar "l//"-type global behavior in all
the cases.
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It is also interesting to notice that the

slopes of the spectra corresponding to dif-
ferent subjects are not exactly the same.
Relating these slopes with signal ampli-
tudes at the evoked response maxima we
found that the stronger collectivity in the
evoked response are accompanied by the
power spectra whose slope is amplified rel-
ative to the cases of weaker collectivity. As
it is thus natural, in those cases the weaker
collectivity is connected with a more noisy
dynamics which acts destructively on local
coherence.

All of this may be considered as an in-
dication that evolution of the evoked au-
ditory response is governed by a very uni-
versal phenomenon of self-organized crit-
icality which is a more catastrophic form
of collectivity and is generated by a fractal
(scale-invariant) 'avalanche'-like process.
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Nonlinear Dynamical Systems with Algebraically Correlated Noise

T. Srokowski

A stochastic process can be approximately regarded as Markovian if time scales involved are large
compared to the noise correlation time. Such approximation must fail if one tries to describe a high-
dimensional system using the Langevin formalism with only few degrees of freedom because that
procedure destroys in general the Markovian property of the original system. Consequently, for many
physical problems one has to consider stochastic equations with slowly (e.g. algebraically) falling noise
autocorrelation function. To check how dynamical properties of nonlinear systems with external noise
depend on that function, the well known Duffing oscillator has been studied [1]. The stochastic force
has been assumed as proportional to the velocity of particle inside the periodic Sinai billiard. This
deterministic generator provides algebraic correlations, proportional to 1/i, as well as exponential
ones, depending on billiard geometry.

A first token of irregularity in a dynamical system is the presence of homoclinic points. A method
introduced by Melnikov allows us to identify the homoclinic instability in the first order of the pertur-
bation theory, calculating directly the distance between the separatrices. It appears that both kinds
of noise lead to more regular behaviour, compared to the noiseless case, but this tendency is stronger
for the algebraic correlations.

To study the fully chaotic case, one can calculate the Lyapunov exponents A, determined from
linearized equations of motion integrated along a noisy trajectory. Such procedure estimates the di-
vergence rate of close trajectories subjected to the same realizations of the stochastic force. Numerical
calculations show that the average of A for the exponential noise keeps the same value as for the
noise-free case. On the opposite, the algebraic noise reduces the Lyapunov exponent considerably and


