Simplified neuron models

Reminder: the HH-model One spike

o EW—V(O)|m (t)h(t)+ g |E—V (t)|n*(t)+

C,—=g
m dt gNa

—I_gleak Eleak_v<t>)+1extemal<t)

0 [TIx T 08 [AWIA OF

dm _m,|V(t)-m(t)

" Tm(v(t>) 0 t [msec] 50
dh _hoo(v(t>)_h<t) 9 1

de Th(V<t>) |

dnn,V(0)-n(t - )

dt T,V (0)) N o

-100 V [mV] 50 -100 V [mV] 50
Modellek az idegrendszer-kutatdsban - ELTE TTK, 2003 tavaszi félév
http://ww. rnki . kf ki . hu/ ~l mat e/ kur z/ Lengyel Mété: Egysejt modellek 11/ 1



Types of attractors

A: Fixed point
B: Limit cycle

C: Quasi periodic:
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The dimension reduction of the HH-moddl

One spike in the state space (three projections)
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Phase Plane Analysis. the FitzHugh- (Nagumo-, Rinzel-) model / 1

The phase plane with the direction field
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Phase Plane Analysis. the FitzHugh- (Nagumo-, Rinzel-) model / 2

Excitability: firing is athreshold phenomenon (all-or-none)
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Phase Plane Analysis. the FitzHugh- (Nagumo-, Rinzel-) model / 3

Periodic firing to constant depolarization
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Phase Plane Analysis. the FitzHugh- (Nagumo-, Rinzel-) model / 4

~ Post Inhibitory Rebound:
firing to transient hyperpolarization
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Phase Plane Analysis. Bursting/ 1
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Phase Plane Analysis. Bursting/ 2

Endogeneous Burster Conditional Burster

N N TN

rest

g *=8mS/cm’ g “=12mS/cm”

Modellek az idegrendszer-kutatasban - ELTE TTK, 2003 tavaszi félév
http://ww. rnki . kf ki . hu/ ~I mat e/ kur z/ Lengyel Mété: Egysejt modellek 11/ 9



The phase-model
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Therate-model
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The M cCulloch-Pitts model

Modellek az idegrendszer-kutatasban - ELTE TTK, 2003 tavaszi félév
http://ww. rnki . kf ki . hu/ ~I mat e/ kur z/ Lengyel Mété: Egysejt modellek 11/ 12



Integrate & Fireneuron
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