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Integrate-and-fire type models
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From single Neurons to Populations 

visual 

cortex

Receptive fields, see lecture 4

From single Neurons to Populations 

visual 

cortex

Receptive fields:

visual cortex V1

Orientation selective

1st pop

2nd pop

2nd pop

Neighboring neurons 

have similar properties

10 000 neurons

3 km wires
1mm

From single neurons to populations
Populations of spiking neurons
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Homogeneous 

network:
-each neuron receives input

from k neurons in network

-each neuron receives the same

(mean) external input

Population
- 50 000 neurons

- 20 percent inhibitory

- randomly connected

Random firing  in a populations of neurons

100 200time [ms]

Neuron # 32374

50

u [mV]

100

0

10

A [Hz]

N
eu

ro
n

 #
 

32340

32440

100 200time [ms]50

-low rate

-high rate
input

Stochastic spike arrival: 

excitation, total rate Re

inhibition, total rate Ri
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EPSC IPSC
current pulses

Diffusive noise (stochastic spike arrival)

For any arbitrary neuron in the population
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Diffusive noise (stochastic spike arrival)

EPSC IPSC

For any arbitrary neuron in the population

Blackboard:

density of potentials?
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Exercise 1: flux caused by stochastic spike arrival
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Membrane potential density

spike arrival rate

Next lecture:

10h15
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a) Jump at time t

Reference level u0

What is the flux

across u0?
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flux – two possibilities
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Membrane potential density
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spike arrival ratea)

Jumps caused at

Reference level u0

What is the flux

across u0?

b)

flux caused by jumps due to

stochastic spike arrival

flux caused by

systematic drift

Blackboard:

Slope and

density of potentials
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Diffusive noise (stochastic spike arrival)

EPSC IPSC

For any arbitrary neuron in the population
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Continuity equation:

Flux:  - jump (spike arrival)

- drift  (slope of trajectory)

Blackboard:

Derive Fokker-Planck

equation

Diffusive noise (stochastic spike arrival), no threshold
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Exercise 2: solution of free Fokker-Planck equation
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Diffusive noise (stochastic spike arrival) with threshold
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Population firing rate A(t) = f =single neuron firing rate

u

p(u)

Exercise 3: Diffusive noise + Threshold
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Fokker-Planck
A=
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- Calculate distribution p(u)

- Determine population firing rate A
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THE END


