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Linear System Response

The aim of the project is to examine the ability of neurons to track temporally varying
input. To this end, you will analyse response properties of model neurons to small
amplitude modulations of the stimulus defined as following;:

Isyn = ]0 + Il COS(27Tft) + ]noiseu (1)

where [ is the DC component, [; is the amplitude of deterministic temporal variation
and [ ise 18 @ Noisy component.
Here you will consider simple models of integrate-and-fire neurons whose membrane
dynamics is given by:

av

O = =90V = Vi) + W(V) + Ly (t), (2)

with ¢ = 1pF/cm?, g, = 0.1mS/ecm? and V, = —65mV. When the membrane
potential crosses a threshold Vj;, a spike is generated and the potential is reset to V.
Function W(V') describes the spike-generating currents. For leaky integrate-and-fire
(LIF) neuron ¥(V') = 0 and for the exponential integrate-and-fire (EIF) neuron:

V-V
Arp ’

where A7 is the spike slope factor and V7 is spike threshold.

U(V) = grArexp ( (3)

1. Calculate time-dependent firing rate by simulating the responses of LIF neurons
for 2000 different realizations of the Gaussian white noise with ¢ = 6.3 mV.
Choose I such that the average firing rate is vy = 40 Hz and I, = 0.11,.

2. Calculate the amplitude and the phase of the periodic component in the firing
rate. Repeat the procedure for different frequencies of the input modulation
and plot the gain and phase shift as a function of the frequency.



3. Fit the power law function 1/f® to the transfer function for f > 100 Hz. Esti-
mate the exponent «.

4. Calculate the transfer function of the EIF neuron. Let Ar = 3.48 mV, Vp =
—59.9mV, V;;, = —30 mV and V,, = —68 mV. Show the existence of resonances

at low frequencies. Fit the power law function in the range of high-frequencies
(f > 100 Hz).
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