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Neuronal Dynamics – 3.2 Synaptic Short-Term Plasticity 

pre 
post 

i j 

( ) ( )( )syn
syn synI t g t u E= −

( ) ( )syn
l rest

duC g u u I t
dt

= − − −



Neuronal Dynamics – 3.2 Synaptic Short-Term Plasticity 
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Short-term plasticity/ 
fast synaptic dynamics 
Thomson et al. 1993 
Markram et al 1998 
Tsodyks and  Markram 1997 
Abbott et al. 1997 
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Courtesy M.J.E Richardson 
Data: G. Silberberg,  H.Markram 
Fit: M.J.E. Richardson  (Tsodyks-Pawelzik-Markram model) 

Neuronal Dynamics – 3.2 Synaptic Short-Term Plasticity 



Neuronal Dynamics – 3.2 Model of Short-Term Plasticity 
Dayan and Abbott,  
             2001 
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Neuronal Dynamics – 3.2 Model of synaptic depression 

Dayan and Abbott, 2001 

0 ( )
D

krel rel
rel

kP

dP P P f P t t
dt

δ
τ
−

= − − −∑

Fraction of filled release sites 

( )/( ) ( )kt t
syn syn kg t g e t tτ− −= Θ −

Synaptic conductance  

image: Neuronal Dynamics, 
Cambridge Univ. Press 

syn relg c P=

400P msτ =4 + 1 pulses 



Neuronal Dynamics – 3.2 Model of synaptic facilitation 

Dayan and Abbott, 2001 
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Neuronal Dynamics – 3.2 Summary 
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Synapses are not constant 
- Depression 
- Facilitation 
Models are available 
- Tsodyks-Pawelzik-Markram 1997 
-  Dayan-Abbott 2001 



Neuronal Dynamics – Quiz 3.2 
 Time scales of Synaptic dynamics 
   [ ] The rise time of a  synapse can be in the range of a few ms. 
   [ ] The decay time of a  synapse can be  in the range of few ms. 
   [ ] The decay time of a synapse  can be  in the range of few hundred ms. 
   [ ] The depression time of a synapse can be in the range of a few hundred ms.  
   [ ] The facilitation time of a synapse can be in the range of a few hundred ms. 
 

Synaptic dynamics and membrane dynamics. 
Consider the equation 
 
   
With a suitable interpretation of the variable x and the constant c  
   [ ] Eq. (*) describes a passive membrane voltage u(t) driven by spike arrivals. 
   [ ] Eq. (*) describes the conductance g(t) of a simple synapse model. 
   [ ] Eq. (*) describes the maximum conductance         of a facilitating synapse    

Multiple answers possible! 
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