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At the Beginning…

To realize existence of animals in a picture
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In What Sense Are Neurons Slow?

• Internal time constants of neuronal dynamics

• Membrane time constant

• Synaptic time constant

• Dendritic integration time

• Coding scheme

• Information transmission
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Neuronal Time Constants
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Neuronal Time Constants

• Membrane time constant, τm

• Typical values of cortical neurons: 20~50 ms.

• Any temporal information faster than τm is strongly suppressed / lost.

• Cut-off frequency of  𝟏 τm

• Input with a modulation frequency 𝑓 >  1 τm is strongly suppressed.
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Neuronal Time Constants

• Synaptic time constant, τs

• The duration of postsynaptic current pulse

• Depending on the type of synapse:

• Non-NMDA: less than 1 ms /  NMDA channels: ~ 100 ms

• Further filtering of synaptic input

• Spatial extension of the neuron
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Coding

• The external input is represented in the brain by neuronal firing rates.

• Firing rate: the number of action potentials that occur in a interval Tw.

• 𝑣 = 𝑛𝐴𝑃 𝑡; 𝑡 + 𝑇𝑤

• the length of Tw depends on the type of experiment: 100 ms ~

Hubel & Wiesel (1959)
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In What Sense Are Brains Fast?

• Experiments of Reaction time (RT)

Thorpe, Fize, and Marlot (1996)
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Constraints Imposed by Neuronal Coding

• Rate coding (Tw=100 ms ~) is inconsistent with RT experiments.

• Tw imposes a minimal processing time per processing step.

• A maximum of 2 or 3 processing steps require flat or parallel architecture.

• With 6 ~ 8 processing steps, the processing time per step: 20 ~ 25 ms.

• Indeed, the majority of neurons emit at most a single spike within 20 ms.
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Constraints Imposed by Neuronal Coding

• Other coding schemes & other definitions of a rate

• Bialek et al (1991): reading from a neuron / reconstruction from the spikes

• Theunissen & Miller (1995): “rate”  averaging over a short & smooth time 

window whose form is adapted to the stimulus ensemble.

• Population!

• Rate is defined by a population average rather than a temporal average.

• Signal processing by population activity:

• very fast

• only limited by the rise time of an action potential ( ≈ 1 ms.)
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Constraints - Neuronal Time Constants and Noise

• The passive membrane time constant

• Limiting factor?

• or it is possible to increase the cut-off frequency?

• Spontaneous cortical activity in background ( = noises):

• Shifts the mean membrane potential close to threshold

• Induces voltage fluctuations

• Increases the conductance

• The effective membrane time constant can be below 10 ms.

(A shorter membrane time constant implies an increased cut-off freq.)
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Constraints - Neuronal Time Constants and Noise

• In a population of noise-free spiking neurons that are firing asynchronously, 

the signal transmission properties are not limited by the membrane time 

constant.

• There is no cut-off frequency!

Gerstner (2000)



14

Constraints - Neuronal Time Constants and Noise

• On the other hand, for slow noise (correlated noise) in the firing threshold,

signal transmission is not limited by the membrane time constant.

• The cut-off frequency is only limited by the synaptic time constant, τs

• Similar result for the variance of the activity (not only population activity)

• The signal consists of the fluctuations (usually attributed to noise)

• A system with slow noise can therefore be extremely fast.

• The time per processing step is only limited by the pure axonal transmission 

and synaptic time.

• This scheme indicates a functional role for spontaneous cortical activity.

• Experiments and analysis in the next decades are needed.
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Summary

• Neurons are slow due to…

• Internal time constants of neuronal dynamics and coding scheme

• But the brain is fast in case of the experiments of reaction time.

• Directions of research towards solving the apparent conflict:

• Signal processing by population activity is very fast.

• The cut-off frequency is only limited by the synaptic time constant.

• Membrane time constant can be extremely fast with slow noise.
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Questions

• In What Sense Are Neurons Slow?

• In What Sense Are Brains Fast?

• Comparison of a population average and a temporal average

• Is the passive membrane time constant limiting factor or is it possible to 

increase the cut-off frequency?

• How the slow noise can make membrane time constant fast?



Thank You!


