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Dynamics in responses to auditory motion

Alla Borisyuk
Courant Institute, NYU, USA
email:borisyuk@cims.nyu.edu
John Rinzel

We are interested in the cellular mechanisms shap-
ing the neuronal responses to auditory motion stim-
uli. In this framework, we study how the presence
of biologically realistic features influences the perfor-
mance of a periodically driven system. We show that
the presence of the cellular mechanisms of firing rate
adaptation and the post-inhibitory rebound is suffi-
cient to account for experimentally observed phenom-
ena, such as rebound responses, hysteresis and phase
shift in response to periodic forcing. We quantify var-
ious physiologically relevant features of the response
and make testable predictions. We also compare the
performance of spiking and firing-rate-type models in
the context of the auditory motion processing.
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Biophysical mechanisms for frequency encod-
ing in a model sensory system

Sharon Crook
University of Maine, USA
email:crook@math.umaine.edu

It is well known that the passive membrane proper-
ties of neurons function as a low-pass filter for synap-
tic inputs. Current inputs arriving at low frequencies
yield large voltage responses, but high frequency in-
puts are attenuated or blocked. Neurons can also
exhibit bandpass filtering properties with large re-
sponses when driven by inputs near their resonant
frequencies and smaller responses at other frequen-
cies. This mechanism occurs due to the interactions
between active and passive membrane properties. For
example, currents that actively oppose changes in
membrane voltage and also activate slowly relative
to the membrane time constant will produce reso-
nance. We examine the effects of morphology, pas-
sive membrane properties, and active channels on fre-
quency tuning in a model sensory system. Theoret-
ical studies and simulations show that the low-pass
filtering observed in some neurons can be explained
by the passive electrotonic structure of the dendritic

arbor and the dynamic sensitivity of the spike initia-
tion zone. In contrast, neurons that exhibit bandpass
tuning at higher frequencies have dendritic structures
with fewer branching structures and larger diameters
that are more electrotonically compact. This mor-
phology causes less attenuation of higher frequencies;
however, ion channels that resonate in the desired
frequency range are also required.
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Chaotic phase synchronization in systems with
small phase diffusion

Kresimir Josic
Boston University, USA
email:josic@math.bu.edu
Margaret Beck

The geometric theory of phase locking between
periodic oscillators as proposed by Winfree and Ku-
ramoto has been used with much success in the past.
I will discuss extensions of this theory to phase co-
herent chaotic systems. This approach explains the
qualitative features of phase locked chaotic systems
and provides an analytical tool for a quantitative de-
scription of the phase locked states. Moreover, this
geometric viewpoint allows for the identification of
obstructions to phase locking even in systems with
negligible phase diffusion, and provides sufficient con-
ditions for phase locking to occur. These techniques
were applied to the Rössler system and a phase coher-
ent electronic circuit and good agreement was found
between numerical results, experiments and theoret-
ical predictions.
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Temporal synchronization of pyramidal cells
by high-frequency, depressing inhibition

Steve Kunec
New Jersey Institute of Technology, USA
email:sak0232@njit.edu

The sharp wave-associated ripple is a high-
frequency, extracellular recording observed in the rat
hippocampus during periods of immobility. During
the ripple, pyramidal cells synchronize over a short
period of time despite the fact that these cells have
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sparse recurrent connections. The timing of synchro-
nized pyramidal cell spiking is critical for encoding in-
formation that is passed onto post-hippocampal tar-
gets. Both the synchronization and precision of pyra-
midal cells is believed to be coordinated by inhibition
provided by a vast array of interneurons. We consider
a minimal model consisting of a single interneuron
which synapses onto a network of uncoupled pyrami-
dal cells. We show that fast decaying, high-frequency,
depressing inhibition is capable of rapidly synchroniz-
ing the pyramidal cells and modulating spike timing.
These mechanisms are robust in the presence of in-
tracellular noise. We prove the existence and stabil-
ity of synchronous, periodic solutions using geomet-
ric singular perturbation techniques. The effects of
synaptic strength, synaptic recovery, and inhibition
frequency are discussed. In contrast to prior work
which suggests that the ripple is produced by homo-
geneous populations of either pyramidal cells or in-
terneurons, our results suggest that cooperation be-
tween interneurons and pyramidal cells is necessary
for ripple genesis.
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Stabilization of “bumps”by noise

Carlo Laing
University of Ottawa, Canada
email:claing@science.uottawa.ca
Andre Longtin

Spatially localized regions of active neurons
(“bumps”) have been proposed as a mechanism for
working memory, the head direction system, and
feature selectivity in the visual system. Stationary
bumps are ordinarily stable, but including spike fre-
quency adaptation in the neural dynamics causes a
stationary bump to become unstable to a moving
bump through a supercritical pitchfork bifurcation
in bump speed. Adding spatiotemporal noise to the
network supporting the bump can cause the average
speed of the bump to decrease to almost zero, revers-
ing the effect of the adaptation and “restabilizing”
the bump. This restabilizing can be understood by
examining the effects of noise on the normal form of
the pitchfork bifurcation where the variable involved
in the bifurcation is bump speed. This noise–induced
stabilization is a novel example in which moderate
amounts of noise have a beneficial effect on a system,
specifically, stabilizing a spatiotemporal pattern. De-
termining which aspects of our model system (inte-
gral rather than diffusive coupling, a slow variable,
travelling structures that appear through a pitchfork
bifurcation in speed) are necessary for this type of

behavior remains an open problem.
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Dynamics of neurons connected by inhibitory
and electrical coupling

Timothy Lewis
New York University, USA
email:tl14@nyu.edu
John Rinzel

Recent findings suggest that many inhibitory cell
networks in the brain are connected through both
inhibitory and electrical coupling. However, it is un-
clear how the interaction of these two coupling modes
affects the dynamics of these networks. To begin ad-
dressing this issue, we use the theory of weakly cou-
pled oscillators to study the influence of coupling pa-
rameters on synchronization patterns in a model of
intrinsically oscillating cells connected by both inhi-
bition and electrical coupling.
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Characterizing coupled neurons with white
noise analysis

Duane Nykamp
UCLA, USA
email:nykamp@math.ucla.edu

We present an asymptotic analysis of two coupled
linear-nonlinear neurons. By measuring the spike
times of both neurons in response to a white noise
stimulus, one can characterize the neurons’ properties
and their mutual connections. The linear-nonlinear
model used in the analysis is similar to a widely used
phenomenological model of a neuron in response to
sensory stimulation. Moreover, we demonstrate that
the results of the analysis also work with more re-
alistic neuron models. Thus, this analysis may help
characterize neural circuitry in sensory brain regions.
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Phase plane analysis of neural decoding in the
Rodent Whisker-Barrel System

David Pinto
Brown University, USA
email:dpinto@bu.edu

In the rodent whisker-to-barrel pathway, popula-
tions of thalamic neurons encode information from



the periphery in terms of changes in the popula-
tion firing rate. Correspondingly, cortical neurons
respond preferentially to rapid changes in the rate of
firing among input neurons from the thalamus. Pre-
vious computational models based on known features
of cortical circuitry have captured this and other as-
pects of the thalamocorical response transformation
in the rodent whisker system. In this presentation,
I will examine these models using a modified version
of phase plane analysis in order to understand the
mechanisms that underlie cortical sensitivity to tha-
lamic input timing. The analysis reveals that cortical
processing in our model depends on strong inhibition
that renders the net effect of cortical connections to
be damping. This distinguishes it from previous mod-
els of cortical microcircuits, in which the net effect
of cortical connections is amplifying. I will conclude
with a brief comparison of the two proposed mech-
anisms of cortical processing and suggest a possible
experimental means for distinguishing between them.
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Lateral inhibition is neither necessary nor suf-
ficient for sustained, patterned activity

Jonathan Rubin
University of Pittsburgh, USA
email:rubin@math.pitt.edu

Evidence suggests that sustained, localized neu-
ronal activity, or bumps, may play a role in working
memory or representation of internal states, such as
head direction. Previous (and ongoing) theoretical
work has demonstrated that a synaptic architecture
featuring recurrent excitation and long-range inhibi-
tion, together known as lateral inhibition, can lead
to activity bumps in neuronal network models. How-
ever, this architecture is absent in some areas of the
brain where such activity may be relevant.Here we
show how a rate-based integrodifferential equation
model can support bump solutions without recurrent
excitation. We also provide conditions under which
no spatial patterns exist despite the presence of lat-
eral inhibition.
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Modulating model inhibitory neuronal net-
works

Frances Skinner
Toronto Western Research Institute, Canada
email:fskinner@uhnres.utoronto.ca

Synchronous oscillatory activity in networks of
interneurons connected by inhibitory synapses play
critical roles in brain function. Differences in the ki-
netics of the inhibitory response observed with anes-
thetics can affect this activity. We use theoretical
insights to suggest a new mechanism of anesthesia.
In particular, we suggest that the different behav-
ioral effects of different anesthetic drugs might lie in
the different ways in which these drugs modulate in-
hibitory network coherence.
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Dynamics of the visual cortex

Andrew Sornborger
Mt. Sinai School of Medicine, USA
email:ats@camelot.mssm.edu
Ehud Kaplan

We present multivariate harmonic analysis meth-
ods for the analysis of dynamical optical imaging
data; discuss the various components of the dynam-
ical signal resulting from the harmonic analysis; and
present an overall strategy for constructing a popu-
lation model of visual cortex, with results from one
functional component of the model.
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A neuronal network model of the macaque
primary visual cortex

Louis Tao
Courant Institute of Mathematics, USA
email:tao@cims.nyu.edu
Michael Shelly and David McLaughlin

Our objective is a realistic theory of the visual cor-
tex that can explain the visual selectivity, dynamics,
and the diversity of visual properties in cortical cell
populations. To do this, we have studied a large-scale
computational model of Macaque V1 [McLaughlin et
al. 2000 PNAS] based on anatomy and physiology.
Cells in the model are classified as Simple or Com-
plex by the same index of linearity of spatial summa-
tion that has been used in physiology experiments.
Previously we offered an explanation of how Sim-
ple cells could exist in the model despite the non-
linearity of the LGN input and of cortico-cortical ex-
citation [Wielaard et al 2001 J. NS.] Now we report
that Complex cells arise in the model by allowing
for randomness in synaptic coupling strengths, which
can increase the importance of network excitation,
and randomness in the strength of LGN input. My



work suggests that the Simple-Complex classification
reflect different synaptic balances within the same ba-
sic model circuit. Since the dichotomy of ‘Simple’
and ‘Complex’ behavior is seen in other areas of vi-
sual processing, the basic mechanism may be widely
operating.
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Dynamical patterns in the basal ganglia and
related neuronal networks

Alice Yew
The Ohio State University, USA
email:yew@math.ohio-state.edu

A conductance-based network model was devel-
oped (in collaboration with J. Rubin, D. Terman, and

C. Wilson) to describe neural interactions in the basal
ganglia, with the aim of testing hypotheses on the ori-
gin of activity states associated with disorders such
as Parkinson’s disease. Computer simulations reveal
that the system exhibits a variety of spatiotemporal
patterns, including episodic synchronous oscillations,
clustered rhythms, travelling waves, and irregular un-
correlated spiking. Using a dynamical systems ap-
proach, we analyze how synaptic coupling interacts
with intrinsic neuronal properties to generate these
types of behavior. We also investigate how transi-
tions between patterns are effected as parameters are
varied, and make comparisons with other similarly
wired neuronal networks.
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