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Neuronal Dynamics — 4.4b Threshold in 2dim. Neuron Models
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Neuronal Dynamics — 4.4 Bifurcations, simplifications

Bifurcations in neural modeling,
Type I/ll neuron models,
Canonical simplified models

Nancy Koppell,
Bart Ermentrout,
John Rinzel,
Eugene Izhikevich
and many others
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Neuronal Dynamics — 4.4h Pulse input
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4.4h Type | model: Pulse input

stimulus

l
Tﬂ =F(u,w)+ RI(?)
dt

T —=G(u,w
w (u, W)

pulse input

Threshold
for pulse input




4.4h Type | model: Threshold for Pulse input

0.3
0.2

3 0.1
0.0
-0.1
—0.2

—-60 —-40 —-20 0 20
u

0.04
0.02
30.00
—0.02

—0.04

Stable manifold plays role of
‘Threshold’ (for pulse input)

Image: Neuronal Dynamics,
Gerstner et al.,
Cambridge Univ. Press (2014)




4.4h Type | model: Delayed spike initation for Pulse Input
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FitzHugh-Nagumo Model: Hopf bifurcation
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FitzHugh-Nagumo Model - pulse input
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FitzHugh-Nagumo Model - pulse input threshold?
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4.4h FitzHugh-Nagumo model: Threshold for Pulse input
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4.4h Detour: Separation fo time scales in 2dim models
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4.4h FitzHugh-Nagumo model: Threshold for Puise input
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Neuronal Dynamics — 4.4 lLiterature
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" A. Threshold in a 2-dimensional neuron model with saddle-node bifurcation
[ ] The voltage threshold for repetitive firing is always the same

as the voltage threshold for pulse input.
[ ]in the regime below the saddle-node bifurcation, the voltage threshold for repetitive
firing is given by the stable manifold of the saddle.
[ ]in the regime below the saddle-node bifurcation, the voltage threshold for repetitive
firing is given by the middle branch of the u-nulicline.
[ ]in the regime below the saddle-node bifurcation, the voltage threshold for action
potential firing in response to a short pulse input is given by the middle branch of the u-
nullcline.
[ ]in the regime below the saddle-node bifurcation, the voltage threshold for action
potential firing in response to a short pulse input is given by the stable manifold of the
saddle point.
B. Threshold in a 2-dimensional neuron model with subcritical Hopf bifurcation
[ ]Jin the regime below the bifurcation, the voltage threshold for action potential firing in
response to a short pulse input is given by the stable manifold of the saddle point.
[ ]in the regime below the bifurcation, a voltage threshold for action potential firing in
response to a short pulse input exists only if 7, >>7,




