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Reading Materials

@ E.M. Izhikevich, Dynamical Systems in Neuroscience, MIT Press,
2007, Ch. 1-2, pp. 53-121.

o C. Koch, Biophysics of Computation, Oxford Univ. Press, 1999, Ch.
7, pp. 172-192.
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One Dimensional Systems
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Phase Portrait, Equilibria
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Small-signal analysis:

V=W-+Vv

dv - . dF
— =~ av with a= —

t dv Vo

vV = et stable for o < 0 (decaying perturbation)
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Bistability and Hysteresis

membrane
potential

Figure 3.16: Membrane potential bistability in a cat TC neuron in the presence of ZD7288 (pharmacological blocker of ).
(Modified from Fig. 6B of Hughes et. al. 1999). J
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Figure 3.17: Bistability and hysteresis loop as | changes. )

Izhikevich, pg. 66
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Saddle-Node Bifurcation

bistability

100 P 40 VO excited state
F(V) =
80 Ea
s
60 —g 0
2
0 820
o -40
» | 5
| 540 ===z threshold tABja s <~
of » . % 3 b,eeQUi/fb"-~._
rest  threshold E = -~
| - s aq
= 0.,
bifurcation I=16 z ° Q
100 — o - excited state k-4 S N
Fv) s £ saddle-node
80 1 £ g (fold) bifurcation
> g
60 | 5 o
g 2
[ H g
40/ ! 8- -g E
s
20 H g
g
o ot ke £
|Grgentpamt 17 2,
-55
" 1=60
100 ogoshblly 40\ VO excited state g o i i =@ =
F(V) < injected dc-current |, (pA)
80 E2
=
60 3 0
“o &2 Figure 3.30 Bifurcation diagram of the
5
20 & . .
S0 system in Fig. 3.26.
o -« 5
E.60
0

50 0 5
membrane potential, V (mV)

12 3 4 5
time (ms)

Izhikevich, pg. 72, pg. 77
Figure 3.25: Bifurcation in the Iy, ,-model (3.5):
The resting state and the threshold state coalesce
and disappear when the parameter | increases.
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Two-Dimensional Systems

@ Morris-Lecar
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Dynamic repertoire:

o Stationary Points
@ FitzHugh-Nagumo, etc.

v _
L Jw =Fvw)
& =G(v,w)
dt )

o Limit Cycles
o Stable Attractors

No other limits in 2-D (since V and W
are bounded)
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Nullclines

Equilibrium

@ Stable = Stationary Point
@ Unstable?
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Equilibria:

intersection of nullclines

F (Vo, Wo)
G(Vo,Wy) =0

Linear Analysis:
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Eigenanalysis: Jacobian
U— v A/l* a b
- w - c d eigenvectors eigenvalues

7 e
du LU nt iy AUL =2l
=AU orU=qlie™ +qUze™ with 0

dt

Re )i <0 and ReX, < 0 = stable fixed point
ReAi >0 or Rel» >0 = unstable
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Stability (Continued)

Eigenanalysis:

AU=)U

det(A—Al)=0
a—A b

c d—/\‘_o

T =a+d . Trace (A)

M —-7TA+A=0 with
A =ad—bc : det(A)

N TE V712 —4A
10=—F7F—"—
’ 2

72 >4/ : real, distinct eigenvalues

= < 72 =4A: real, repeated eigenvalues

72 < 4A: complex conjugate eigenvalues
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Stability of 2-D Equilibria
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Figure 4.15: Classification of equilibria according to the trace (7) and the determinant (A) of
the Jacobian matrix A. The shaded region corresponds to stable equilibria. J

|zhikevich, pg. 104
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Morris-Lecar and Iy, , + Ik

Persistent sodium and potassium (INa,p + IK) is equivalent to Morris-Lecar (n = w).

V — nulicline :
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Inap + Ik (or ML) Nullclines
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Graded Action Pot
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Figure 4.7: Failure to generate all-or-none action potentials in the Iy, , + Ix-model. J

Izhikevich, pg. 95
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Variable Threshold
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Figure 4.8: Failure to have a fixed value of threshold voltage in the Iy, , + lx-model. J

Izhikevich, pg. 96
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Stable Limit Cycle
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Figure 4.10: Stable limit cycle in the Iy, , 4 Ixk-model (4.1, 4.2) with low-threshold KT current J
and | = 40.

Izhikevich, pg. 97.
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