Week 4 — MathDetour 3: Stability of fixed points

)

.(lﬂ- J4.1 From Hodgkin-Huxley to 2D
Neuronal Dynamics: /4.2 Phase Plane Analysis
Computational Neuroscience - Role of nullcline
of Single Neurons 4.3 Analysis of a 2D Neuron Model

- MathDetour 3: Stability of fixed points
Week 4 - Reducing detail: 4.4 Type | and Il Neuron Models

- where is the firing threshold?
- separation of time scales

Wulfram Gerstner 4.5. Nonlinear Integrate-and-fire
EPFL, Lausanne, Switzerland - from two to one dimension

Two-dimensional neuron models



Neuronal Dynamics — Detour 4.3 : Stability of fixed points.

“” _— olw-nullcline

stable?

du du

r—=F(u,w)+RI, —- =0
dt ( ) 0 dt

u-nullcline




Neuronal Dynamics — 4.3 Detour. Stability of fixed points

2-dimensional equation
stimulus

du |
T—=Fu,w)+ RI

" (u, w) 0
dw

T —=G(u,w
v (u, w)

How to determine stability
of fixed point?




Neuronal Dynamics — 4.3 Detour. Stahility of fixed points

stimulus d_w=0
l /, dt
du W /
T—=au—-w+ 1,
dt
dw
T —=CU—W




Neuronal Dynamics — 4.3 Detour. Stahility of fixed points

7:@ =F(u,w)+RI,
d w ‘;_W — o/ w-nullcline
dw Ldr
T, = 0w stable?

zoom in:

unstable

saddle

stable Math derivation ., icline

now




Neuronal Dynamics — 4.3 Detour. Stability of fixed points

r@ = F(u,w)+RI, Fixed point at (u,,w,)
at At fixed point
z’w%=G(u,w) 0=F(u,,w,)+RI,
- t 0=G(u,,w,)
zoom in:
X=U—-U,

y=w-w,




Neuronal Dynamics — 4.3 Detour. Stability of fixed points

T% — Fuw)+RI, Fixed point at (u,,w,)
dt At fixed point
rwjvtv:G(“,W) 0= Flup, wy) + Rl
_ 0=G(u,,w,)
zoom in:
X=u-1u,
y=w-w, dx
—=Fx+F n n
Ta T R
dt C;u G’ur |
dy

T —=Gx+G




Neuronal Dynamics — 4.3 Detour. Stability of fixed points
Linear matrix equation

d (P Ry,
dt N (;u G"w |

Search for solution |
x(t) = e exp(At)

Two solution with Eigenvalues A _, A
A+A =F +G,
AA=FG, -FG,




Neuronal Dynamics — 4.3 Detour. Stability of fixed points
Linear matrix equation

d F
dt G, Gy, . |
Search for solution Stability requires:
' ' A <0 and A <0

x(t) = e exp(At) l

Two solution with Eigenvalues A _, A
F+G, <0
A‘++A’—=E1+Gw > and
AA=FG, -FG, FG -F G, >0




Neuronal Dynamics — 4.3 Detour. Stahility of fixed points

stimulus d_w =0

dt




Neuronal Dynamics — 4.3 Detour. Stability of fixed points

2-dimensional equation
du

T—=F(u,w)+ R/

" (u,w)+ Rl

T, cji_;v = G(u,w)
Stability characterized
by Eigenvalues of

linearized equations

d (F, F,
" " \a, G, )"




Stability analysis of 2-dimensional | U _ o
equations is important for the | dt
homework assignment of week 4.




