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Integrate-and-fire neuron models 

• The passive membrane equation (review)

 


•Response of V to changes in the equilibrium potential


•Integrate-and-fire-model 


•Spike-rate adaptation
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 τ = R C   (time constant)            
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Passive membrane equation (review) 

VM = Vin - Vout

•  Iapp = I0    (const)              V∞= R I0    (const)

steady state

✤ I0 = α nA

✤ R = 100 MΩ


                                  V∞= α * 102 mV


     We will use the following units: mV, nA, msec



Passive membrane equation (review) 

VM = Vin - Vout

•  Iapp (t) = I0 H(t – ti)  H(tf - t)


           H(t): Heaviside function


	        Iapp (t):  square pulse of current starting at t = ti and ending at t = tf


✤ V0 = EL

✤ V∞= R I0    (const)                            



Passive membrane equation (review) 

VM = Vin - Vout

•  Calculation of the time tc that takes V to reach the value Vt        
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Integrate-and-fire neuron models 

VM = Vin - Vout

• A neuron will typically fire and action potential (or spike) when its  

   membrane potential reaches a threshold value of about -55 to -50

   mV


• Action potentials:

❖  V increases rapidly and then decreases to a value  

      below threshold


❖  Stereotypical trajectory


❖  The mechanism involves the activation of Na+ and K+ 

      conductances 



Integrate-and-fire neuron models 

VM = Vin - Vout

• Passive membrane equation


• An action potential occurs whenever V = Vth (voltage threshold for  

   spike generation)


• After the action potential, V is reset to a value V = Vrst (voltage reset  

   value)
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Integrate-and-fire neuron models 

VM = Vin - Vout

• Calculation of the firing frequency (risi) and inter-spike interval (ISI)       

                                                                                   



Integrate-and-fire neuron models 

VM = Vin - Vout

• EL= -65     Vth= -50     Vrst = -65     τ = 10     R = 10        

                                                                                   (Units: mV, nA, msec, MΩ)

tisi ~ 50 msec 

            

risi ~ 20 spk /sec
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Integrate-and-fire neuron models 

VM = Vin - Vout

• EL= -65     Vth= -50     Vrst = -65     τ = 10     R = 10        

                                                                                   (Units: mV, nA, msec, MΩ)

.ode code:


              dV/dt = (F(V) + Rc * Iapp(t)) / tau


              F(V)= - (V - El)


              Iapp(t) = heav(t-ti) * heav(tf-t) * (Io + B*t) + A * sin(2*pi*freq*t/1000) 


              global 1 V-Vthr {V=60}


              global -1 V-59 {V=Vrst}


              aux stim=Rc * Iapp(t)



Integrate-and-fire neuron models 

VM = Vin - Vout

• EL= -65     Vth= -50     Vrst = -65     τ = 10     R = 10        

                                                                                   (Units: mV, nA, msec, MΩ)

.ode code:


          par R=10, Rc=10, tau=10, EL=-65, Io=0

          par A=0, freq=1, par B=0

          par ti=0, tf=10000

          par Vthr=-50, Vrst=-65


          V(0)=-65


         @ total=1000

         @ xlo=0,xhi=1000,ylo=-100,yhi=100,maxstor=1000000

         @ back=black, bounds=1e6x

         @ yp1=V, nplot=1              



Spike-rate adaptation

VM = Vin - Vout

• Integrate-and-fire model with an additional current in the membrane   

   equation

• If V = Vth at t = t*, then at t = t*


        (1) A spike is generated

        (2) gsra         gsra + ∆ gsra
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