Interpreting spike timings in the auditory nerve

Tom Duke

In the lectures, I presented evidence that information about the pitch of a sound is encoded by the timings of spikes in the auditory nerve. In particular, a sound of frequency f  generates a spike train in which the inter-spike intervals are multiples of T = 1/f. But how does the brain analyse the distribution of spike intervals in the auditory nerve? One possibility is that it uses a bank of neurons which, themselves, have oscillatory dynamics.

Consider, for example, a ‘resonate-and-fire’ neuron i whose dynamics is specified by
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Here, V=Im(zi) represents the neuron’s membrane potential, i is it’s underlying frequency, and bi is a positive constant. The neuron is connected to auditory nerve fibres via synapses of strength cij, and t*j are the firing times of the auditory nerve j.

The neuron fires whenever V exceed a threshold value, in which case the value of z is instantaneously reset to z=i.
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The aim of the project is to investigate whether a simple neural network of this type is capable of analysing the input from the cochlea, such that particular output neurons increase their firing rate only when the corresponding inter-spike intervals are present in the input signal.

