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Introduction
Neurons can track fast signal through population cod-
ing.In principle, there are two separate channels for signal
encoding, the mean synaptic current and the amplitude of
synaptic noise. Experiments indicate that ensembles of
cortical neurons behave like a low-passed filter with a
high cut-off frequency and that the response speed for
noise coded signal is much faster than that for mean cur-
rent coded signal [1-3]. It has been shown numerically
that details of action potential (AP) generation mecha-
nism of single neurons play an important role in the
dynamical response of neuronal populations [4,5].We
constructed a new dynamic model of AP generation in
which the onset rapidness r of AP initiation is a freely var-

iable parameter and which is analytical solvable. The r - τ
model reduces to the leaky integrate and fire model (LIF)
for infinite r and to the perfect integrator model for zero r.
For finite r the impact of dynamic AP generation for linear
response is accessible to rigorous analysis. We find that
the linear response decomposes into two parts: one part
approaches zero when the absorbing boundary is moved
to infinity, indicating an artifact of the model; the other
part possesses only a weak dependence on the boundary
and reproduces the results for LIF neurons for r → ∞. This
part reflects the dynamics of AP generation. We find that
when the onset rapidness is large, the cut-off frequency for
noise coded signal will be proportional to the onset rap-
idness, while for mean current coded signal it is con-
strained by the membrane time constant (Fig. 1). Since
the onset rapidness of APs was found experimentally to be
very large [6], our model explained why the response
speed can be much faster for variance coded signal than
for mean current coded signal.
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The normalized transmission functions for mean current coded signal (A) and noise coded signal (B) with firing rate at 5 HzFigure 1
The normalized transmission functions for mean cur-
rent coded signal (A) and noise coded signal (B) with 
firing rate at 5 Hz. The different curves are for r = 1, 10, 
100, 1000 and infinity (LIF) respectively.
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