
Fundamentals of Computational
Neuroscience 2e

December 26, 2009

Chapter 2: Neurons and conductance-based model



Biological background
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Ion channels
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non-NMDA: GABA, AMPA

∆V non−NMDA
m ∝ t e−t/tpeak



Conductance-based models

cm
dV (t)

dt
= −I (1)

I(t) = g0V (t)− g(t)(V (t)− Esyn) (2)

τsyn
dg(t)

dt
= −g(t) + δ(t − tpre − tdelay) (3)
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MATLAB Program

1 %% Synaptic conductance model to simulate an EPSP
2 clear; clf; hold on;
3
4 %% Setting some constants and initial values
5 c_m=1; g_L=1; tau_syn=1; E_syn=10; delta_t=0.01;
6 g_syn(1)=0; I_syn(1)=0; v_m(1)=0; t(1)=0;
7
8 %% Numerical integration using Euler scheme
9 for step=2:10/delta_t

10 t(step)=t(step-1)+delta_t;
11 if abs(t(step)-1)<0.001; g_syn(step-1)=1; end
12 g_syn(step)= (1-delta_t/tau_syn) * g_syn(step-1);
13 I_syn(step)= g_syn(step) * (v_m(step-1)-E_syn);
14 v_m(step) = (1-delta_t/c_m*g_L) * v_m(step-1) ...
15 - delta_t/c_m * I_syn(step);
16 end
17
18 %% Plotting results
19 plot(t,v_m); plot(t,g_syn*5,’r--’); plot(t,I_syn/5,’k:’)



Hodgkin–Huxley model
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Figure: Typical form of an action potential; redrawn from an oscilloscope
picture from Hodgkin and Huxley (1939).



The minimal mechanisms
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Hodgkin–Huxley equations and simulation

C
dV
dt

= −gKn4(V − EK)− gNam3h(V − ENa)− gL(V − EL) + I(t)

τn(V )
dn
dt

= −[n − n0(V )]

τm(V )
dm
dt

= −[m −m0(V )]

τh(V )
dh
dt

= −[h − h0(V )]

  Spike train with constant input
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Compartmental models
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