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the Morris-Lecar phase plane

excitability and oscillations

type 1 excitability type 2 excitability
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instantaneously equilibrating 
activation gating variable for 

the inward Ca2+ current

slow activation gating 
variable for the 

outward K+ current

the Morris-Lecar model











Iapp = 0

Morris-Lecar nullclines - numerically calculated by XPP
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Iapp = 0

Morris-Lecar nullclines - numerically calculated by XPP



Excitability in 
the Morris-Lecar Model
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Type 2 excitability in the Morris-Lecar model 

graded response

indistinct threshold 
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Type 2 excitability in the Morris-Lecar model 

action potentials 

of various amplitudes
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Excitability in 
the Morris-Lecar Model

with separated time scales for
voltage (fast) and 

K channel gating (slow)



Changing parameters so that K channels are very slow



Type 2 Oscillations in 
the Morris-Lecar Model



Morris-Lecar nullclines - change with Iapp







...when the equilibrium occurs outside the “knees” of 
the voltage nullcline, the equilibrium is stable. 

 ...when the equilibrium occurs inside the “knees” of 
the voltage nullcline, the equilibrium can be either 
stable or unstable. 





Type 2 Oscillations in 
the Morris-Lecar Model

with separated time scales for
voltage (fast) and 

K channel gating (slow)







Explanation what is observed in phase plane 



When K channels are very slow, 

...the equilibrium is stable when the 
equilibrium occurs outside the “knees” 
of the voltage nullcline, and 

...the equilibrium is unstable when the 
equilibrium occurs inside the “knees” of 
the voltage nullcline.

This is illustrated in the following slides.
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a new type of bistability...
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Slow passage through 
Hopf bifurcations







Starting from stable equilibrium
Iapp increases through a supercritical Hopf bifurcation



Starting from stable equilibrium
Iapp increases through a subcritical Hopf bifurcation



type 1 
excitability and oscillations
in the Morris-Lecar model

voltage-dependent time 
constant for activation of 
the potassium channels

changed to transition from 
type 2 to type 1
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w

sub-critical applied current - type 1 excitability 

T=threshold
(saddle)

R=resting
(stable node)

U=unstable
(spiral)



MU = 

unstable 

manifold 

MS = 

stable 


manifold 

MS

MS MU

MU

saddle points have stable and unstable manifolds



V (mV)

w

stable manifold of saddle is a separatrix



V (mV)

w

stable manifold of saddle is a separatrix



type 1 excitability type 2 excitability



type 1 excitability type 2 excitability



type 1 
oscillations

in the phase plane
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w

unstable manifold of saddle is also a separatrix



critical applied current



super-critical applied current



Type 1 oscillations with  Iapp ≈ critical  
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Passage through SNIC bifurcation



Hopf bifurcation
(sub-critical)

SNIC bifurcation
“saddle-node on an invariant 

circle” 

bifurcation diagrams showing emergence of oscillations


