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Fig. 1. Schematic illustration of the neuronal model: (a) A single HH neuron model subject to an activity

arriving through dynamic synapses; (b) a HH neuron network model subject to both a activity arriving

through dynamic synapses and background activity.
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Fig. 2. (color online) Firing of postsynaptic neu-
ron: (a) Firing of the postsynaptic neurons over time
(f = 10 Hz); (b) firing number of postsynaptic neu-
rons in 2000 ms for different f.
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Fig. 3. (color online) Flourier transform analysis of synaptic currents: flourier transform analysis of dynamic

synaptic currents with f = 30 Hz (a), 50 Hz (b), 100 Hz (c); (d) comparation between presynaptic neuron

firing rate and HH neurons firing frequency.
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Fig. 4. (color online) The firing of postsynaptic neuron under Gaussian firing rate: (a) Firing number of postsynaptic

neurons in 2000 ms for different CV under different f; (b) firing number of postsynaptic neurons in 2000 ms for

different firing rate f under different CV; flourier transform analysis of synaptic currents with f = 50 Hz (c) and
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Fig. 5. (color online) The firing pattern in neuron network with coupling strength g = 0 (a), (b); 0.08 (c), (d);
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Abstract

Neuronal firing plays a key role in the neuronal information transmission, and different neuronal firing patterns are
reported, such as spiking, bursting. A number of neuron models are introduced to reproduce the firing patterns of single
neuron or neuronal network. The key factors determining the firing pattern gain more and more attention in the study
of neuron system, such as noise, network topology. Noise is able to induce sub- or super- threshold coherent neuronal
firing easily, and a number of coherence resonances are reported in the noise induced firing. The network topology
determines the synchronization of the firing patterns of the neuronal network, and the change of network topology may
induce fruitful synchronization transitions. It is well known that synapses exhibit a high variability with a diverse origin
during information transmission, such as the stochastic release of neurotransmitters, variations in chemical concentration
through synapses, and spatial heterogeneity of synaptic response over dendrite tree. The collective effect of all of these
factors might result in the notion of dynamic synapses. In reality, the neuronal network often involves time delay due
to the 7nite signal propagation time in biological networks. Recently, neuronal networks with time delay have received
considerable attention. Delay-sustained neuronal firing patterns may be relevant to neuronal networks for establishing
a concept of collective information processing in the presence of delayed information transmission. According to the
above-mentioned motivations, the firing dynamics of the single postsynapic neuron is investigated based on a simple
postsynaptic neuron model by using numerical simulation and Fourier transform analysis. In this model, the postsynapic
neuron receives dynamic synaptic currents from a population of presynaptic neurons. It is found that the firing rate
resonance between the pre- and postsynaptic neuron determines the firing of the postsynaptic neuron. Stimulus currents
in specific frequency range are easy to stimulate postsynaptic neuron firing. The random currents released from dynamic
synapses determine the postsynaptic firing rate. Then the single postsynaptic neuron is extended to a neuronal network,
in which 100 neurons connect to its 4 nearest neighbors regularly and receive delayed synaptic currents from connected
neurons. All the neurons in the network receive the same dynamic synaptic currents from the presynaptic neurons. The
results show that the synaptic coupling in the network is able to promote the neuron firing in the network, and time

delay in the synaptic coupling could reinforce the promotion, but the mode of the promotion is not changed.

Keywords: neuron, synaptic stimulation, Flourier transform, time delay
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