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9.641NeuralNetworks
ProblemSetl

(DueFeh 10, Thursdaybeforeclass)

The integrate-and-fire neuron is a simple model of spiking behaior that sacrifices
biophysicalrealismfor mathematicasimplicity.

1. Singleneuronmodel

First,let's consideranisolatedneuroninto whichweinjectacurrent/,,,,. Below
thresholdthe membrangotentiall obeys thedifferentialequation

dv
CE = _gL(V - VL) + Iapp (1)

If V reachesthresholdVy, thenthe neuronis saidto spike, andV is instanta-
neouslyresetto avalueof 4, wherely < V.
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Analytically determinghethresholdcurrenti, (or rheobasebeloy which
the neuronis inactive, and above which the neuronfires repetitvely. The
signof Iy shoulddependonwhetherV; is above or belov V7.
Experimentallydeterminel, andcomparet to thevalueyoufoundanalyt-
ically. In MATLAB, asystemj—? = f(y) canbesimulatedby choosingthe
initial conditionsy(1) andthenrepeatediyperformingthe Eulerintegration
stepy(t + 1) = y(t) + dt 9 (t).
Use the following valuesfor your simulations: V;, = —74mV, g;, =
25mS, Vo = —54mV, Vo = —60mV, C = 500pF. Plotatraceof the
membranegotentiall’, onefor I right belov andonefor I right above Iy.
If 1,5, is held constantin time above threshold,the neuronfires action
potentialsrepetitively, asyou shouldhave obsered in your simulations.
Findtherelationshipbetweerthefrequeng of firing f andl,,.
Shaw that f behaesroughly linearly for large I,,,,, and canbe approxi-
matedby
[Iapp - gL(Vl/Q - VvL)}+
C(Vy — Vo)
with V3 /5 = (Vp + Vo) /2. Explainin wordsthe reasorfor this linearity.

[Hint: Usethe Taylor seriesexpansionflog(1 + z)] ' ~ 1/z + 1/2.]
Plotyourresultsfrom (c) and(d) togetherandcomparehem.

f= 2

2. Modelingsynapses

A synapsés modeledby avariableconductance in the postsynaptimeuron.A
spike in the presynaptimeuroncausesanincreasef theconductancaccording



tog := g+ <. Betweenspikes,g decaysxponentially: = dg _ —£. Soasynapse
|saIeaky|ntegratorpount|ngsp|kesbutforgettlngthemovert|me perioddonger

thanr. The areaunderthe exponentiatausedy a singlespikeis givenby the

parameter «

Undercertainconditionsthis canbe approxmated)yfd“’ + z ~ f, wherez is
proportional to gand fis the frequencyf incoming sp|kes

Simulatethe time courseof the conductanceof a synapsefor f = 25Hz for
different 7. For what valuesof 7 is this approximationvalid? lllustrate your
answer with twalots.

. From synapses to current

In practice,neuronsare a part of networksandreceiveinput currentsthrough
synapseénsteadof an electrode.For a neuron: receivinginputsfrom neurons
j, this can be written as:

dV
Ci dt ng ‘/z VL Zgw V ‘/1] (3)

Showthatequation(3) canbesimplifiedto theform of equation(1), describinga
neuronwith leakconductance;, receivinganexternalcurrent!,,,, if thesynap-
tic conductanceg;; arechangingslowly (meaningheyareconstanfor asmall
intervaldt). Determinel,,;,, andg;, analyticallyin termsof g;;, Vi;, Vi andgyz;.

. From spikedo rates

We are now readyto derive a nonspikingmodel of a neuron. To do that, we
will assumehatall neuronshavethe samemembranecapacitanc&’, the same
time constantr andthat conductancesre changingslowly (meaningthey are
constant for a small intervalt).

Using the results of 1, 2 and 3, shdlat equation (1) can be approximated by

dml
Tat

tagm f | b+ Y Wi, (4)
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Startingwith the approximationin (2), plug in theapproximated-I relationship
from 1(d). Then,substitutel,,, andg; with the expressiongou foundin (3).
Assumingall time constant@rethe sameall synapsegmanatingrom a single
neuronhavethe sametemporalbehavior,becausehey are driven by the same
spiketrain,anddecayatthesamerate. Thisyieldsz; = f;l Finally, identify b;

and Wj; in terms of o, gr:, Vi, V1,2 and Vj;.



